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THE IMPACTS OF MOUNTAINTOP REMOVAL 
COAL MINING ON WATER QUALITY IN APPA- 
LACHIA 


THURSDAY, JUNE 25, 2009 

U.S. Senate, 

Committee on Environment and Public Works, 

Subcommittee on Water and Wildlife, 

Washington, DC. 

The subcommittee met, pursuant to notice, at 3:30 p.m. in room 
406, Dirksen Senate Office Building, Hon. Benjamin Cardin (chair- 
man of the subcommittee) presiding. 

Present: Senators Cardin, Alexander, and Inhofe. 

OPENING STATEMENT OF HON. BENJAMIN L. CARDIN, 

U.S. SENATOR FROM THE STATE OF MARYLAND 

Senator Cardin. Thank you. Senator Inhofe, and the Ranking 
Member of our Subcommittee, Senator Crapo, for helping to ar- 
range for today’s hearing. 

This is the first hearing that we have had in the Senate in 7 
years on mountaintop recoveries. So, I think it is an important 
hearing and I want to thank the leadership for moving forward. 

I also want to thank Senator Alexander for his help in arranging 
today’s hearing. 

Let me make a couple of opening comments. First, I think is one 
that is pretty obvious. Coal is important to America. It is an impor- 
tant mineral that we have, and I think this Committee recognized 
its importance last year in the Lieberman- Warner Bill that we 
worked and marked up, providing for coal as a part of our energy 
solution and investing a significant amount of resources into clean 
burning coal. 

The bill that may be on the House floor tomorrow that deals with 
global climate change invests a great deal of resources in coal, rec- 
ognizing its importance as an energy source to America. 

This hearing is to explore one method that is used in coal mining 
in the United States and to look at its environmental and health 
risks. We are talking about the impact of mountaintop removal coal 
mining on water quality. That is the responsibility of this Com- 
mittee. 

Now, we have had similar concerns about water quality in other 
types of industries from manufacturing and industrial and agri- 
culture, and I think it is very important that this Committee look 
at the mining practices of mountaintop removal and its impact on 
our water quality in America. 


( 1 ) 
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There will be future opportunities to look at specific bills, includ- 
ing a specific bill that Senator Alexander and I have co-sponsored. 

Mountaintop removal has grown in the Appalachia. It is one 
method. It is primarily limited to Eastern Kentucky and Southern 
West Virginia. We have many environmental concerns concerning 
coal slurry impoundment, which is used in mountaintop removal, 
but coal slurry impoundments are used in other types of activities 
in addition to just mountaintop removal. 

Mountaintop removal involves the complete deforestation of a 
mountaintop. The mountaintop is then systematically removed, 
moving down the mountain. The overburden is then dumped into 
the valley. The impact of this type of activity is dramatic. It is dra- 
matic in regards to issues concerning runoff. Runoff gets filtered in 
a mountain through its vegetation and through its natural contour. 
When that is removed, the types of pollution that are not filtered 
are much more dramatic as a result of runoff issues. 

We have found the disappearance of valley streams. Over 1,700 
miles of stream channels have been adversely impacted by moun- 
taintop removal. Valley streams are critically important to the 
downstream water quality. We have found that, as a result of 
mountaintop removal, that we have toxic contaminants in our 
water supply. There is a public health concern. We find a much 
higher incidence of kidney disease, chronic airway obstruction, pul- 
monary disease and hypertension, just to mention a few, in those 
communities that are impacted by mountaintop removal. 

And there is the issue about the natural beauty of our Country 
being permanently changed as a result of mountaintop removal. It 
adversely affects the economies of the region as far as tourism, 
property values and alternative uses that could produce economic 
activities in these areas, including one in energy dealing with wind 
energy. 

I am very pleased that we have two panels of experts, one from 
the EPA, the other a group of individuals who are experts in this 
area, to help this Committee understand the impact on our water 
supply caused by mountaintop removal. 

I am very pleased to recognize Senator Alexander, who has been 
a real leader on this issue, and a member of our Committee. 

[The prepared statement of Senator Cardin follows:] 

Statement of Hon. Benjamin L. Cardin, U.S. Senator 
FROM the State of Maryland 

I want to thank our panels of witnesses for coming before the Water and Wildlife 
Subcommittee today to discuss mountaintop removal coal mining. 

It has been more than 7 years since this Committee last examined the practice, 
and in that time mountaintop removal operations have grown across Appalachia. 
Our hearing will examine the impacts of mountaintop removal on water quality and 
how it affects the quality of life for the thousands of residents living in the Appa- 
lachian coalfields. 

So there is no confusion about the subject of today’s hearing, let me be clear: 

(1) Not all coal extraction operations in the Eastern U.S., or even in all of Appa- 
lachia, use mountaintop removal techniques to mine coal. 

Mountaintop removal/valley fill operations are largely limited to Eastern Ken- 
tucky and Southern West Virginia because 

• of the depth of the coal seams beneath the surface, 

• the topography of the region and 

• the combination of Federal, State and local regulations that permit the practice. 
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Coal extraction operations in the Western United States do not employ mountain- 
top removal techniques because coal in the west is typically located near the sur- 
face. 

(2) There are many adverse impacts associated with coal slurry impoundments be- 
yond their use on mountaintop removal sites. The Committee is concerned with 
these issues but they will not be the focus of this hearing. 

Mountaintop removal coal mining starts with the complete deforestation and re- 
moval of all ground level vegetation and topsoil from the top of the mountain. Using 
heavy explosives and excavation equipment, the mountaintop is systematically and 
evenly removed in sections going down the mountain. As the mountain gets shorter, 
the adjacent valley is buried under the “overburden,” the combination of topsoil and 
rock displaced by explosives and excavation equipment. ^ 

Mountaintop removal coal operations have led to burial or adverse impacts on 
more than 1,700 miles of stream channels.^ The disappearance of these valley 
streams is a great concern of mine not only because the material used to replace 
the valleys is loaded with toxic contaminants like lead, arsenic, mercury and sele- 
nium, but also because these valley fills quite literally remove ephemeral and head- 
water streams from the landscape. 

These streams are characterized by scientists as “where rivers are born” and are 
vitally important to the health of downstream water quality. ^ 

Numerous studies have shown that when impacts to the natural landscape of a 
watershed exceed 10 percent, water quality and the biodiversity of aquatic life in 
all waters of the watershed decline. In Southern West Virginia there are water- 
sheds with more than 25 percent of the land impacted by surface mines operations. 

What’s more, the permitting process for these operations have not been taking 
into account the cumulative effect of an entire surface mine operation on down- 
stream water quality. 

What will start as a relatively small operation can expand upwards to 10,000 
acres over a 7- to 12-year span.® 

The vegetation and natural contour of the landscape absorb and slow the flow of 
stormwater through the watershed. Studies have shown that all attempts at remedi- 
ation and stream construction on reclaimed mine sites have had zero success in rep- 
licating natural hydrological features. ® These remedial streams also contribute to 
the persistent drainage of contaminants from the former mine. 

When coal is referred to as an inexpensive source of energy there are many costs 
associated with the resource that are not taken into account, not the least of which 
is the cost to downstream communities. 

Coalfield residents are saddled with declining property values, spoiled well water 
and soaring insurance rates as mining operations creep closer to their property. 

Several medical studies focused in the region show higher incidence of kidney dis- 
ease, chronic obstructed pulmonary disease and hypertension among coalfield resi- 
dents. 

There is a more environmentally and economically sustainable path Appalachia 
can take. Many counties in Appalachia are seeing economic gains in tourism and 
outdoor recreation activities that are only viable when Appalachia’s unique natural 
features are protected. 

The potential for wind energy development along the mountain ridges of Appa- 
lachia would provide infinite economic and energy potential for the region. ® Like 
tourism, the viability for wind energy development is dependent on the preservation 
of the region’s mountains and valleys. 

There is no denying coal’s significance to the culture and economy of Appalachia. 
However, mountaintop coal mining is a long term assault on Appalachia’s environ- 


^ Source: EPA Region 3 Power Point presentation on the mountaintop removal process. 

2 Office of Surface Mining. 

3 Meyer, Judy — Where Rivers are Born: The Scientific Imperative for Defending Small 
Streams and Wetlands (2003). 

^Yuan L.L. & Nortno S.S. — Comparing responses of macroinvertebrate metrics to increasing 
stress (2003). Allan J.D. — Landscapes and riverscapes: the influence of land use on stream eco- 
systems (2004). Morgan, R.P. & Cushman, S.F. — Urbanization effects on stream fish assem- 
blages in Maryland (2005). 

® Robert 21 mine in Boone County, WV — 10,000 acre footprint. 

® Bernhardt E.S., et al. — Restoration of U.S. Rivers: a national synthesis (2005). Palmer M.A., 
et al. — Standards for ecologically successful river restoration (2005). 

"^Hendryx, M., et al. — Hospitalization Patterns Associated with Appalachian Coal Mining 
(2007). Ezzati M., et al. — The Reversal of Fortunes: Trends in County Mortality and Cross-Coun- 
try Mortality Disparities in the United States (2008). West Virginians for Affordable Health 
Care — Early Deaths: West Virginians have some of the Shortest Life Expectancies in the United 
States (2009). 

® Department of Energy. American Wind Energy Association. 
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ment, economy and culture. It needs to stop, and I hope that today’s hearing will 
start us on that path. 

Before I turn to my Ranking Member, I will note that I intend to hold another 
hearing on this subject this fall. It will be a legislative hearing on the Cardin-Alex- 
ander bill, S. 696, the Appalachia Restoration Act. This is not the last word, nor 
will it be, until these practices of mountaintop mining and associated valley fills are 
permanently outlawed. 

OPENING STATEMENT OF HON. LAMAR ALEXANDER, 

U.S. SENATOR FROM THE STATE OF TENNESSEE 

Senator Alexander. Thank you, Mr. Chairman. And I want to 
thank our Ranking Member for letting me have his seat for a little 
while. 

I am glad to be here, Mr. Chairman. I am the Ranking Member 
of the Interior Appropriations Subcommittee which is about to have 
its appropriations bill heard upstairs, or downstairs, whichever it 
is. So, I may have to step out for 10 minutes. But I will be back. 
And I have looked forward to this. 

I want to thank Senator Cardin for his leadership. I want to 
thank the witnesses for coming today, especially Paul Sloan, rep- 
resenting Governor Bredesen of our State of Tennessee with whom 
I have talked and who has a strong interest in the Cumberland 
Plateau area of our State and in protecting it and in protecting our 
ridgetops and our mountaintops, both for the natural beauty that 
we enjoy as Tennesseans and for the fact they attract a lot of visi- 
tors who kindly leave a lot of their dollars in our State. 

As Senator Cardin said, coal is an essential part of our energy 
future and I would to ask, Mr. Chairman, if I could have included 
in the record my article in the Chattanooga Times Free Press from 
March 15th of this year, talking about the importance of coal and 
why we need it. 

Senator Cardin. Without objection. 

[The referenced article follows:] 
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PubiicationiChattanooga Times Free Press;Date:Mar 15, 2009;Section:Perspective;Page Number:56 


COMMENTARY 

Burning question 

Renewables cannot satisfy energy needs in near future 

Lamar Alexander U.S. senator, Tennessee 


The Tennessee Vaiiey Authority says it may cost $800 million to clean up the coal ash spill at its Kingston 
power plant. Burning coal to make electricity is a major reason East Tennessee has unhealthful air. And coal-fired 
power plants produce 40 percent of the carbon that America contributes to climate change. 

So why burn coal? 

In his inaugural address, President Barack Obama said, "We will harness the sun and the winds and the soil to 
fuel our cars and run our factories,’’ Such renewable power will make a contribution, but here are several reasons 
why we will be using coal — cleaner coal — to make electricity for the foreseeable future. 

First, we need a lot of electricity and we have plenty of coal. The United States uses 25 percent of all the 
world’s electricity, and coal produces half of what we use. (It produces 60 percent of what we use in the TVA 
region). " Renewable energy" from wind, solar and geothermal sources produces 3 percent. According to TVA, an 
independent study estimates that if we put giant wind turbines on the maximum number of ridges in the TVA 
region, it would still produce only about 3 percent of the electricity customers need. 

Second, the United States is the Saudi Arabia of coal. We don’t have to import it from unfriendly nations that 
might hold us hostage. 

Third, electricity from coal is much cheaper than energy from the wind and sun. That matters, for example, to 
the 10 percent of Nashville Electric Service customers who said in December they could not afford to pay their 
electric bills even with TVA’s relatively low rates. It matters to Volkswagen and its suppliers when they decide 
whether to put jobs in Chattanooga — or in some other state, or overseas. 

Fourth, coal is reliable. Coal plants can operate almost all the time. On the other hand, the wind blows only 
when it wants to — about one-third of the time nationally, and less in the TVA region. 

Fifth, it takes large amounts of low-cost, reliable electricity to produce renewable energy of the kind we hope 
we can rely on more in the future. For example, the new billlon-doliar plant making solar power materials in 
Clarksville — like the new solar plant announced recently for Bradley County — needs 120 megawatts to operate. 
This is one-fourth the production of a typical coal plant. 

Finally, we already know how to bum coat cleanly — with the exception of carbon. TVA has done a good job of 
getting rid of nitrogen pollutants but is just getting started on sulfur and mercury. There is a proven technique to 
recapture carbon and store carbon underground, but that is not yet, and may never be. a commercially viable 
method for most coal plants. 

Nevertheless, the National Resources Defense Council, a leading environmental group, supports coal plants if 
carbon is recaptured because coal burned cleanly will help the United States and other countries move more 
rapidly to deal with climate change. 

Former Vice President Al Gore says recapturing carbon from coal plants is “too imaginary to make a 
difference." I disagree. I believe we are more likely to recapture carbon from coat burning than we are to operate 


hrtp://epaper.timesfreepress.com/Repository/getFiles.asp?Style“OHveXLib:ArticieToMaiL.. 6/25/2009 
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our huge economy on the wind, sun and heat from the Earth. 

So how do we act boldly to increase energy independence, provide more jobs and deal with climate change? 

Full speed ahead on conservation and efficiency. TVA customers lead the country in using the most electricity 
per capita, which means we waste a lot. 

Build more nuclear power, which today produces 70 percent of all U.S. carbon-free electricity. 

Convert half our cars and trucks to electric power over 20 years. This will reduce carbon and cut by one-third 
the billions of dollars we send overseas to buy foreign oil. We can do this without building one new power plant if 
we plug in at night when demand is low. 

Find more natural gas and oil. New supplies of natural gas will keep manufacturing Jobs from going overseas 
and will keep residential heating and cooling prices affordable. Even if we electrify half of our vehicles, we should 
be using our own oil for the other half instead of sending billions overseas. 

Put pollution-control equipment on all coal plants. 

Double federal spending for energy research and development in order to launch four “mini Manhattan 
projects” to figure out how to recapture carbon from coal burning, make solar power cost-competitive with coal, 
reprocess waste from nuclear plants so it can be more easily stored, and make advanced biofuels from crops we 
do not eat 

Put carbon caps on coaifired power plants and fuel. Capping power-plant smokestacks and vehicle tailpipes 
(and giving all revenue gained from this back to those who pay higher energy prices) will limit 70 percent of 
carbon emissions, avoid capping or limiting small business and manufacturing, and cost much less than an 
economy-wide "cap and trade” program. 

This agenda is comparable to President John F. Kennedy's challenge that we land a man on the moon in 10 
years; It's one we can accomplish. On the other hand, an agenda that relies mostly on renewable energy anytime 
soon, as President Obama proposes, would be as unrealistic as it would have been for President Kennedy to 
propose that we land a man on Mars in 1 0 years. 

Lamar Alexander is Tennessee's senior U.S. senator. He is chairman of the Senate Republican Conference, 
co-chairman of the TVA Congressional Caucus and a member of the Environment and Public Works Committee, 
He can be contacted via his Senate Web site at http;//alexander,senate.gov. His Chattanooga office number is 
423-752-5337, 


http;//epaper.timesfreepress.com/Repository/getFiles.asp?Styie=01iveXLib:ArticleToMail... 


6/25/2009 





8 


Senator Alexander. Coal is an essential part of our energy fu- 
ture. But it is not necessary to destroy our mountaintops in order 
to have enough coal. That is why I joined with Senator Cardin to 
make a simple amendment to the Clean Water Act that would end 
the practice of dumping coal mining waste into streams. 

Millions of tourists spend tens of millions of dollars in Tennessee 
every year to enjoy the natural heauty of our mountains, a heauty 
that is for me, and I believe for most Tennesseans, something that 
makes us especially proud to live in our State. 

I may come at this a little differently than some people. Saving 
our mountaintops is important to me, whether we are talking about 
cleaning up air pollution, whether we talking about stopping the 
practice of putting 50-story wind turbines on top of our scenic Ap- 
palachian mountaintops, or whether we are talking about stopping 
the practice of blowing off the tops of the mountains and dumping 
the excess waste into our streams. 

People come to Tennessee, and to other parts of Appalachia, to 
see the natural beauty, not to see smoggy air, massive ridgetop 
towers or excess waste piled into streams. That is why I have intro- 
duced legislation with Senator Carper of Delaware, for example, 
that would stiffen the requirements for emissions of nitrogen, sul- 
fur and mercury from coal plants. 

And as Ranking Member of the Interior Appropriations Sub- 
committee, Senator Feinstein and I are talking with Secretary 
Salazar about an energy sprawl and making sure we find appro- 
priate places for the large-scale new renewable energy projects that 
are coming on board in our Country, for example, that we put large 
wind turbines in the middle of Lake Michigan instead of along the 
coast and that we do not put them along scenic ridgetops between 
Georgia and Maine. 

The kind of mountaintop removal that we are talking about 
today, as far as I am aware, does not exist today in coal mining 
practice in Tennessee. It once did. But I would like to make sure 
that it does not start up again. 

The legislation that Senator Cardin and I have introduced and 
which will be considered in due time, does not ban surface mining 
as it is presently practiced in Tennessee, but it does help make 
sure that the beauty of our mountains and our streams are pro- 
tected for those of us who live there and for our visitors. 

The United States produces 50 percent of our electricity from 
coal. It will continue to need that coal in the future. It is a primary 
source of energy. We need a lot of electricity and we have a lot of 
coal. We do not want to import our energy from overseas. Elec- 
tricity from coal is cheaper, for example, that from wind and solar, 
and we know how to burn it cleanly, if we would only do it, accept 
for carbon. 

I have called for a mini-Manhattan Project to find ways to cap- 
ture carbon from coal plants and I have urged Secretary Chu to re- 
serve, if he can, a Nobel Prize in Science for the scientist who dis- 
covers a way to capture carbon from existing coal plants. 

So, I look forward to learning today more about the effect of 
mountaintop removal in our entire Country, and the effect that it 
might have in Tennessee if it were to be restarted. 
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I thank Senator Cardin for his leadership on the issue and for 
chairing this hearing. 

Senator Cardin. Thank you, Senator Alexander. 

Without objection, Senator Boxer’s, the Chairman of the full 
Committee, opening statement will be included in the record. 

[The prepared statement of Senator Boxer follows:] 

Statement of Hon. Barbara Boxer, U.S. Senator 
FROM the State of California 

Senator Cardin, I would first like to thank you for holding this hearing and for 
your leadership on oversight of mountaintop mining. This is an important issue. 

I also know you are working with Senator Alexander on legislation to stop the 
pollution and harm caused by this destructive practice, and I want to commend both 
of you for your efforts. 

This hearing will explore the impacts of mountaintop mining on our water quality 
and the health and prosperity of Appalachian communities. It is critical that we bet- 
ter understand what impacts these practices have and whether our nation’s laws 
are doing their job at protecting the environment and the citizens’ health. 

Mountaintop mining is one of the most destructive mining practices used today. 
It involves literally cutting the tops off of mountains and dumping the excess rock 
and soil into headwater streams that are critical for flood control, water quality, and 
the health of some of the nation’s most precious ecosystems. 

Mountaintop mining operations have already filled or impacted more than 1,200 
miles of Appalachian streams. And the mining waste associated with these sites can 
include a host of chemicals, including selenium, arsenic, lead, chromium and mer- 
cury that can leach into streams and rivers, severely degrading water quality. 

As we will hear from witnesses today, this practice has devastated the environ- 
ment and harmed communities by displacing residents and ruining the natural re- 
sources on which they depend. 

In light of all of the impacts, I believe we have to take a hard look at why such 
a destructive practice is allowed to continue. 

Senator Cardin, I want to thank you again for holding this hearing, and I look 
forward to working with you to continue oversight of mountaintop mining and to 
ensure we are protecting our environment and the health of families and children. 

Senator Cardin. I am now pleased to recognize the Ranking Re- 
publican on the full Environment and Public Works Committee, 
Senator Inhofe. 

OPENING STATEMENT OF HON. JAMES M. INHOFE, 

U.S. SENATOR FROM THE STATE OF OKLAHOMA 

Senator Inhofe. Thank you, Mr. Chairman. 

I would like to be able to stay for this whole hearing. I cannot 
do it because, as I think you know, we are still marking up the De- 
fense Authorization Bill and I am the second Ranking Member on 
that. But I thank you for having this. 

I want to welcome Randy Huffman, the Cabinet Secretary from 
West Virginia’s Department of Environmental Protection. I am 
anxious to read his statement and to hear what position they are 
coming from. 

Let me being by saying that I am concerned by the in-fighting 
among Democrats when it comes to coal. As an example, just look 
at the Memorandum of Understanding on mountaintop mining be- 
tween the EPA, the Army Corps of Engineers and the Department 
of the Interior. 

Now, some such as myself, are concerned. The MOU could mean 
economic hardship for Appalachia. But, consider the views of some 
of the radical global warming activists, such as NASA scientist and 
Obama supporter James Hansen. 
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He recently criticized President Obama for the MOU. And here’s 
what he said. He said, Mr. Chairman, the Obama administration 
is being forced into a political compromise. It has sacrificed a 
strong position on mountaintop removal in order to ensure the sup- 
port of coal State legislators for a climate bill. Coal is the lynch pin 
in mitigating global warming and it is senseless to allow cheap 
mountaintop removal of coal while the Administration is simulta- 
neously seeking policies to boost renewable energy. 

And, quoting on further, this is from the Los Angeles Times talk- 
ing about this conversation, although the environmentalists had ex- 
pected a new Administration to put the brakes on mountaintop re- 
moval, Representative Rahall and other mining advocates have 
pointed out that Obama did not promise to end mountaintop min- 
ing and was more open to it than his Republican opponent, Arizona 
Senator John McCain. This was during the Presidential election. 

A review of Obama’s campaign statement, according to the Los 
Angeles Times, shows that Obama had expressed concern about the 
practice without promising to end it. 

So we have a lot of lawmakers that the Los Angeles Times refers 
to who, and this is a quote also from the Times, it says the moun- 
taintop mining is politically sensitive because environmentalists 
were an active force behind Obama’s election and the President’s 
standing is tenuous among Democratic voters in coal States. 

Moreover, the Times writes, Obama needs support from local 
lawmakers for an energy agenda that would further regulate home 
State industries, but halting the mountaintop mining could elimi- 
nate jobs and put upward pressures on the energy crisis. I think 
we all ought to understand this. 

So, there is a lot of conflict here, a lot of in-fighting, and there 
is a lot of Beltway fighting on this, so I think that it is very appro- 
priate that you have the Committee hearing. 

I know that the Ranking Member of your Subcommittee, Senator 
Crapo, will be here shortly and I will have to go back to Arms Serv- 
ices. 

Thank you, very much, Mr. Chairman. 

[The prepared statement of Senator Inhofe follows:] 

Statement of Hon. James M. Inhofe, U.S. Senator 
FROM THE State of Oklahoma 

I would like to thank Subcommittee Chairman Cardin and Ranking Member 
Crapo for holding today’s hearing on the impacts of mountaintop mining on surface 
and groundwater resources and other indirect impacts in Appalachia. 

I also want to welcome Randy Huffman, Cabinet Secretary for West Virginia’s De- 
partment of Environmental Protection, as well as the other witnesses testif3dng 
today. I look forward to your testimony. And it’s great that so many residents from 
West Virginia traveled to see this hearing in person. Whatever side of the issue 
they’re on, it’s good to see so many citizens engaged in the political process. 

I want to emphasize today the importance of maintaining and protecting Amer- 
ica’s natural resources. Federal clean water laws should be followed and enforced 
for the citizens of this Nation, especially those in Appalachia. This is a fundamental 
value we all share. Yet it is not the only value to be considered: ensuring the eco- 
nomic viability of Appalachia, and the families who live there, is equally important. 
I believe these two values are complementary. Put another way, environmental pro- 
tection can coexist with job creation and economic prosperity for families. 

I’m not sure this view is acceptable among environmental activists. For them, coal 
is evil and must be banned, no matter the cost to families in Appalachia and states 
that depend on it for jobs, for schools, and for energy security. 
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I should also note that I’m somewhat concerned by the infighting among Demo- 
crats when it comes to coal. As an example, just look at the Memorandum of Under- 
standing on mountaintop mining between the EPA, the Army Corps of Engineers, 
and the Department of the Interior. Now some, such as myself, are concerned the 
MOU could mean economic hardship for Appalachia. But consider the views of rad- 
ical global warming activists, such as NASA scientist and Obama supporter James 
Hansen. Hansen recently criticized President Obama for the MOU. Here’s what he 
said: 

“The Obama administration is being forced into a political compromise. It has sac- 
rificed a strong position on mountaintop removal in order to ensure the support of 
coal-state legislators for a climate bill . . . Coal is the linchpin in mitigating global 
warming, and it’s senseless to allow cheap mountaintop-removal coal while the ad- 
ministration is simultaneously seeking policies to boost renewable energy.” 

Mountaintop mining has also provoked serious battles within the Obama adminis- 
tration. Consider this: the LA Times recently reported on a “shouting match in 
which top officials from two government agencies were heard pounding their fists 
on the table . . .” 

But that’s not all. Let me quote again from the LA Times story: 

“Although environmentalists had expected the new administration to put the 
brakes on mountaintop removal, [Rep. Nick] Rahall [D-W.Va.] and other mining ad- 
vocates have pointed out that Obama did not promise to end [mountaintop mining] 
and was more open to it than his Republican opponent, Arizona Sen. John McCain.” 

A review of Obama’s campaign statements, according to the LA Times, shows that 
Obama had “expressed concern about the practice without promising to end it.” 

This gets even more interesting. The Times notes that mountaintop mining “is po- 
litically sensitive because environmentalists were an active force behind Obama’s 
election, and the president’s standing is tenuous among Democratic voters in coal 
states.” Moreover, the Times writes, “Obama needs support from local lawmakers 
for an energy agenda that would further regulate home-state industries, but halting 
mountaintop mining could eliminate jobs and put upward pressure on energy prices 
in a time of economic hardship.” 

So, it seems the Administration and its supporters in the environmental commu- 
nity can’t make up their minds about coal and mountaintop mining. It’s not hard 
to understand why. Those “local lawmakers” the LA Times refers to, who are con- 
cerned about the future of their communities, are Democrats. Coming from Okla- 
homa, I would say that Democrats in my home State and in places like West Vir- 
ginia tend to see coal and energy differently than, say. Speaker Pelosi, Henry Wax- 
man, or the Obama administration. They tend have practical, rather than ideolog- 
ical, views about coal and energy. 

As they see it, coal provides jobs and secures livelihoods for families. Coal also 
is a source of reliable, affordable electricity that powers the economies of West Vir- 
ginia, Ohio, and much of the Nation. Banning coal or sharply curtailing its use 
makes no sense to people who rely on it every day of their lives. They can’t under- 
stand why Democrats in Washington and their friends in the environmental move- 
ment think coal is the root of all evil. When they see the likes of the Waxman-Mar- 
key global warming bill, which would destroy thousands of well-paying jobs for 
hard-working people, or comments from the Secretary of Energy that “coal is my 
worst nightmare,” or from Vice President Biden, who vowed on the campaign trail 
that there would be “no coal plants here in America,” they scratch their heads and 
wonder whether such opinions are grounded in reality. 

As the Democratic leaders in Washington are preparing for the debate tomorrow 
on the disastrous Waxman-Markey bill, and as they continue to fight over whether 
coal should be banned, diminished, or remain central to the Nation’s energy policy, 
the 77,000 hard-working people in Appalachia who work in the mining industry are 
wondering whether they bave job security. 

My sincere hope is that the Democrats here in Washington can stop arguing about 
coal and listen to local officials from the heartland. Those officials — again, many of 
them Democrats — do not want to abandon the Clean Water Act and the protections 
it provides to the families who live, work, and play in their communities. They want 
clean water and they should get it. But at the same time, they want the recognition 
that their economic livelihoods matter just the same, both for their communities and 
for the Nation. 

Senator Cardin. Thank you. And we all cooperated on scheduling 
this hearing. It was difficult to find a time because of the recess, 
so we know that people will be coming in and out. We may also 
be interrupted by a vote on the floor. So, it is going to be a chal- 



12 


lenge and we are going to do the best we can to get in everyone’s 
testimony. 

We are going to start with John “Randy” Pomponio, the Director, 
Environmental Assessment and Innovation Division. The EAID is 
a multi-disciplinary organization with a broad range of regulatory 
and non-regulatory environmental responsibility. The division also 
has the leadership responsibility for environmental planning and 
analysis on environmental data for a better understanding of the 
conditions and trends within the Mountaintop Removal Valley Fill 
Initiative. 

Mr. Pomponio has worked on mountaintop mining permitting 
issues for EPA for more than a decade. 

It is a pleasure to have you with us today. Thank you very much. 

STATEMENT OF JOHN “RANDY” POMPONIO, DIRECTOR, ENVI- 
RONMENTAL ASSESSMENT AND INNOVATION DIVISION, U.S. 

ENVIRONMENTAL PROTECTION AGENCY MID-ATLANTIC RE- 
GION 

Mr. Pomponio. Good afternoon, Mr. Chairman and members of 
the Subcommittee. 

I am Randy Pomponio, Director of the Environmental Assess- 
ment and Innovation Division in EPA’s Philadelphia Office. 

Thank you for the opportunity to address the Subcommittee on 
EPA’s efforts to protect and restore water quality and water re- 
sources affected by the surface mining of coal, including mountain- 
top removal and valley fill activities. 

EPA plans to more fully use its authorities under the Clean 
Water Act and the National Environmental Policy Act to address 
impacts of this type of mining activity on the aquatic and associ- 
ated forest resources. 

Let me explain why we are so concerned about the issues sur- 
rounding ongoing mountaintop mining and similar surface mining 
activities that involve valley fills. 

First, the Clean Water Act sets out goals to restore and maintain 
the chemical, physical and biological integrity of our Nation’s wa- 
ters, so that they can protect human health and values and support 
the protection and propagation of fish, shellfish and wildlife, as 
well as recreation in and on the water. 

Second, the streams of central and southern Appalachia and the 
forests that play an integral role in the function and quality of 
those streams are very important assets and must themselves be 
protected to achieve the goals of the Clean Water Act. 

In my written testimony, I quote from a 2003 paper entitled 
Where Rivers Are Born, The Scientific Imperative for Defending 
Small Streams and Wetlands. That paper was written by 11 of the 
Country’s most recognized aquatic experts. They say in their paper 
that the goal of protecting water quality, plant and animal habitat, 
navigable waterways and downstream resources is not achievable 
without the careful protection of headwater streams. 

Third, despite the best efforts of State, local and Federal agen- 
cies, too many small streams and wetlands of central and southern 
Appalachia are being buried and polluted. We must do a better job 
of reducing or eliminating site-specific and cumulative impacts as- 
sociated with these mining activities. 
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And, finally, while we continue to be guided by regulatory au- 
thorities, I believe we are now at a point where science and policy 
are beginning to converge to reduce the ecological impacts of sur- 
face mining practices such as valley fills. 

The EPA is excited to work with other Federal agencies as an- 
nounced in our joint June 11th Memorandum of Understanding to 
strengthen the regulation and review of these mining activities. 

I would like to share a few facts and then move on to answer any 
questions you may have. 

Valley fills associated with surface coal mining bury streams and 
degrade water quality. Over the years. State and Federal agencies 
have worked hard to address water quality impacts associated with 
valley fills. However, between 1992 and 2002, more than 1,200 
miles of Appalachian streams have been filled at an average rate 
of 120 miles per year. 

Recent studies show that coal mining can result in long-lasting 
impairments to aquatic biota in remaining streams below current 
and past mines. An EPA scientific study published in July 2008 
shows that more than 63 percent of the streams sampled below 
mountaintop coal mining operations exhibit such impairments. In 
some large watersheds, such as the Coal River in West Virginia, 
more than half of the streams are impaired. 

Concentrations of selenium, a heavy metal naturally found in 
rock, can also be elevated in streams draining valley fills. Deformi- 
ties in fish have been observed downstream of coal mining oper- 
ations where selenium is a known pollutant. 

Dissolved and particulate organic carbon fuels the food web of 
headwater streams and this nutrient energy cascades downstream. 
Mining operations and associated valley fills essentially rob down- 
stream aquatic communities of this energy source. 

Valley fills associated with surface coal mining can destroy for- 
est, habitat and other important ecosystems. The southern Appa- 
lachians are among the richest ecosystems in the United States. 
They represent a bounty of timber, wildlife and recreational assets 
that deserve worldwide recognition. Forests of this area have been 
described as the largest remaining contiguous temperate deciduous 
forest in the world. One area of roughly 13,000 square miles cen- 
tered in western Virginia contains 144 imperiled species. 

EPA’s 2002 Landscape-Scale Cumulative Impact Study modeled 
terrestrial impacts based on surface permit data. That study basi- 
cally suggested that, over a 22-year period, nearly 1,189 square 
miles of forest could be removed and cleared. The loss of that forest 
would conservatively equate to the loss of 1.7 million tons per year 
of carbon dioxide sequestration, the equivalent carbon dioxide that 
would be emitted from 300,000 cars. 

Additionally, forests dampen flooding potential and act as nat- 
ural nutrient sinks. One study estimates that forest cover of 1,189 
square miles provides approximately $138 million per year in nu- 
trient-cycling and waste treatment services. 

Valley fills and associated coal mining should be addressed on a 
cumulative watershed basis. Cumulative impacts are among the 
most critical aspects of regulating and assessing impacts of future 
mines. Rapid cumulative degradation of streams and loss of forest 
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habitat may render some watersheds, and indeed entire eco-re- 
gions, unable to supply those services. 

So, thank you, Mr. Chairman, for giving me the opportunity to 
testify today. EPA understands the importance of domestic coal en- 
ergy to our energy independence goals and to our Nation’s econ- 
omy. We want to ensure that this valuable resource is extracted in 
the least intrusive manner to the environment. 

Thank you. 

[The prepared statement of Mr. Pomponio follows:] 
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■ U.S. SENATE 

JUNE 25, 2009 


Mr. Chairman and Members of the Subcommittee, I am John “Randy” Pomponio, Director of the 
Environmental Assessment and Innovation Division at the United States Environmental 
Protection Agency (EPA) Mid-Atlantic Region in Philadelphia, Pennsylvania. Thank you for 
the opportunity to address the Subcommittee on EPA’s efforts to protect and restore the water 
quality and water resources affected by the surface mining of coal, including mountaintop 
removal and valley fill activities. EPA plans to more fully use its authorities under the Clean 
Water Act and the National Environmental Policy Act (NEPA), to address the impacts of this 
type of mining activity on the aquatic and forest systems that provide invaluable ecosystem 
services to Appalachia and to the waters people use for drinking and fishing. 


Our discussion here today provides us with the opportunity to talk about what we at EPA have 
learned from past experience. Over the past three decades, EPA, our state partners and other 
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concerned stakeholders have begun to make a positive impact on the legacies of abandoned mine 
lands and acid mine drainage. Over $8 billion has been paid by coal companies into the 
Abandoned Mine Lands Fund, managed by the Department of the Interior’s Office of Surface 
Mining, These funds are being spent to address environmental degradation and public health 
risks caused by past mining practices.^'' The Office of Surface Mining regulates this industry, 
EPA has an oversight role for water quality under the Clean Water Act. The Army Corps of 
Engineers regulates discharges of fill material into waters associated with these activities. The 
improved use of our authorities for regulating current surface coal mines through transparent and 
science-driven processes can help us avoid similar consequences from current and future mining 
activities. EPA is excited to work with other Federal agencies, as announced in our joint June 1 1 
Memorandum of Understanding, to strengthen the regulation and review of these mining 
activities. 

Surface Coal Mining in Central Appalachia 

According to information submitted to the Department of Energy by coal companies, surface 
mining accounted for 40 to 45 percent of coal production in Central Appalachia during 2007. 
Surface mining from the Central Appalachia Region produced approximately 10 percent of the 
nation’s coal in 2007. Surface coal mining, including mountaintop removal, in the steep- 
slope terrain of Appalachia very often employs valley-fill techniques as a means to dispose of the 
overburden (excess material) generated during mining activities. Such valley fills are constructed 
by placing overburden in existing stream valleys, which directly buries some stream segments 
and can have substantial downstream environmental impacts. The environmental impacts of the 
mine footprints and these valley fills are of the utmost concern to EPA. 
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Valiev fills associated with surface coal mining buries streams and degrades 
water quality. 

Over the years, the state and federal agencies have worked hard to address water quality impacts 
associated with valley fills. However, between 1992 and 2002, more than 1,200 miles of 
Appalachian streams have been filled at an average rate of 120 miles per year by ongoing surface 
mining practices. Recent studies of streams below current and past mines have shown that 
coal mining can result in long-lasting impairments to aquatic biota. These impairments, recently 
better described as part of a more complete body of scientific studies, were not necessarily 
considered when undertaking prior permit evaluations under the Clean Water Act Section 404 
program. An EPA scientific study released in July 2008 shows that more than 63 percent of the 
streams sampled below mountaintop coal mining operations exhibit such impairments. In 
some large watersheds, such as the Coal River in West Virginia, more than half of the streams 
are impaired. 

It is critically important that EPA re-invigorate its oversight and review role for the delegated 
401 and 402 programs and address these important water quality issues before section 404 permit 
decisions are made. 

Valley fills associated with surface coal mining increase the total loading of trace metals and 
toxic salts (sulfates, magnesium, bicarbonate, and additively-total dissolved solids) to 
downstream aquatic communities. These dissolved ions are not readily sequestered by the 
surrounding geology and may ultimately emanate from the fills for decades. Certain 
macroinvertebrates are highly sensitive and thus disappear from the streams draining from the 
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valley fills. This impairs the use of the streams and ultimately leads to listing of these streams as 
“impaired water bodies” in EPA’s water quality reports required under Section 305 (b) of the 
Clean Water Act. 

Concentrations of selenium, a heavy metal naturally found in rock, can also be elevated in 
streams draining valley fills. Often these concentrations result in exceedances of State and 
Federal water quality standards for aquatic life. Deformities in fish have been observed in 
reservoirs downstream of coal mining operations where selenium is a known pollutant. In peer- 
reviewed scientific studies, high concentrations of selenium in fish tissue have been linked to 
physical deformities and reproductive failure. 

Dissolved and particulate organic carbon fuels the food web of headwater streams and this 
nutrient energy cascades downstream. Healthy forest soils and streamside vegetation supply 
food webs with this high-quality energy source that further delivers high-quality food to 
downstream communities of other consumers, such as fish and humans. Mining operations and 
associated valley fills essentially rob downstream aquatic communities of this energy source, 
damaging the food webs that serve to purify freshwater for aquatic life and human consumption. 

Valley fills associated with surface coal mining can destroy forests, habitat, 
and other important ecosystems. 

The southern Appalachians are among the richest ecosystems in the United States. They 
represent a bounty of timber, wildlife, and recreational assets that deserve their world-wide 
recognition. The forests of this area have been described as the largest remaining contiguous 
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temperate deciduous forest in the worldl^* One area of roughly 13,000 square miles centered in 
western Virginia contains 144 imperiled species, many of which rely on the region’s rivers and 
streams/*' The southern Appalachians are legendary for their diversity of freshwater organisms 
such as fishes and mussels. 

EPA’s 2002 Landscape-Scale Cumulative Impact Study modeled terrestrial impacts based on 
past surface mine permit data. These data provide a retrospective examination of the impacts to 
forest that occurred over the 1 1-year period from 1992 to 2002. The Study estimates that 595 
square miles (380,547 acres) of the forest environment (vegetation and soils) in the study area 
will be cleared due surface coal mining during this 11-year period. This represents 3.4 percent of 
the forest area that existed in 1992.'*' Based on a 2003 analysis, the impacts to forest and forest 
soils have subsequently been projected over the next 1 0 years. For the entire 22-year period 
from 1992 to 2013, the estimated forest clearing in the study area would be 1.1 89 square miles 
(761,000 acres) or 6.8 percent of the forest that existed in 1992.**' Should these forest not be 
restored, invaluable water quality and ecological services will be lost. 

Forest losses of this magnitude, although largely temporary, are not inconsequential. In addition 
to the popularly appreciated wildlife, recreational, and timber resources associated with forests 
systems, many ecological services can be attributed to forest systems. We are just beginning to 
understand and assign value to these ecological services. For example, forests are known to be 
natural areas of carbon sequestration. The loss of 1,189 square miles of forest would 
conservatively equate to the loss of 1.7M tons of carbon dioxide sequestration potential per year 
or the equivalent of taking 300,000 cars off the road.*'°' Additionally, forests dampen flooding 
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potential and act as natural nutrient sinks. One study estimates that forest cover of 1 , 1 89 square 
miles provide approximately $138 million in nutrient-cycling and waste treatment services.^”' 


Valley fills associated with surface coal mining should be assessed on a 
cumulative and watershed basis. 

The most critical aspect of regulating and assessing the impacts of future mines is effectively 
addressing the issue of cumulative impacts. The rapid cumulative degradation of streams and 
loss of forest habitat may render some watersheds — and indeed entire eco-regions— unable to 
supply the ecological services that we as a society value and rely upon. These situations should 
be discovered and addressed through watershed and landscape analyses not currently performed 
in the region. Collaborative efforts such as the Clinch/Powell Memorandum of Understanding 
between EPA’s Mid-Atlantic and Southeast Regions, the Commonwealth of Virginia, and the 
State of Tennessee, and supported by OSM, attempt to address important broad-scale watershed 
issues. The Mid-Atlantic Highlands Action Program is another collaborative initiative designed 
to protect and restore ecological services while providing green jobs. The program has been 
endorsed by the Governors of Virginia, West Virginia, Pennsylvania, and Maryland and could be 
retooled and chartered to manage the environmental and economic issues facing this part of 
Appalachia. 

Building on these existing programs, Federal agencies are also looking to help provide clean 
energy Jobs and to target economic recovery activities in Appalachia in order to help diversify 
and strengthen the Appalachian regional economy. As part of the agencies’ recent Memorandum 
of Understanding, EPA and other Federal agencies - coordinating with the Council on 
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Environmental Quality - will be working with appropriate regional, state, and local entities to 
help stimulate clean energy and green jobs development. This initiative will encourage better 
coordination among existing Federal economic recovery efforts in Appalachia. 

The mining industry employs many best management practices in Appalachia to minimize 
impacts to waters of the United States. These practices must be expanded, improved, and 
enforced. Most are generally designed to control water quality and quantity through the design 
and location of sediment control structures, timely backfilling, grading and re-vegetation of the 
operation areas, and stabilization of fill material to minimize earth disturbances. 

EPA welcomes the opportunity to work with the coal mining industry to find additional best 
management practices and best available technologies to further minimize the environmental 
impacts associated with Appalachian surface mining. Examples include such methods as further 
backstacking overburden and waste material onto the mine site or adjacent sites and going 
beyond AOC/AOC+ requirements where appropriate from a mining safety and land stability 
standpoint. Expanding on the special handling requirements under SMCRA, to include 
additional water quality protective measures should also be explored. These include isolating 
materials that produce total dissolved solids and component ions; leaving some streams 
undisturbed to provide a source of clean water to downstream waters; and, where necessary, 
installing appropriate water treatment facilities. We will be working with the Department of the 
Interior and the Corps of Engineers to ensure these best management practices are employed in 
mining permit applications and evaluated in the course of the agencies’ permit reviews. 
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Mitigation practices employ a variety of methods including enhancement, restoration and 
creation of streams and wetlands to compensate for the unavoidable impacts to waters of the 
United States. In the aquatic environment, mitigation should compensate for the physical, 
chemical, and biological functions, of the steams and/or wetlands being impacted. Often the 
mitigation required is based on linear footage of stream channel or wetland acreage proposed to 
be impacted. The applicant will propose to work downstream of the mine site to repair slumping 
banks; to reconnect a stream to its floodplain; and/or, create or enhance riparian buffer zones. 

In the context of surface coal mining, mitigation generally has focused on the physical function 
of the stream. Mitigation goals should be to match the lost flow regime (frequency, duration and 
seasonality of flow annually); provide the same structural habitat (riffle pool, shading, etc,); meet 
the same water chemistry characteristics (hardness, pH, conductance); and, support the same 
biologic communities (macroinvertebrates, fish, etc.) within the watershed where the proposed 
impact is occurring. Before the end of 2009, EPA and the Corps will be evaluating the agencies’ 
existing mitigation guidance to better incorporate these considerations within mitigation projects 
proposed for Appalachian surface coal mines. 

EPA’s Role in Surface Coal Mining 

EPA’s responsibilities to address surface coal mining activities under the Clean Water Act, the 
Clean Air Act and NEPA will be discussed here. The Clean Water Act Section 404 program is 
jointly implemented by the U.S. Army Corps of Engineers and the EPA. The Clean Water Act 
Section 404 responsibilitiesTorthe EPA Mid-Atlantic Region lie within my organization, the 
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Environmental Assessment and Innovation Division. EPA’s role in the 404 process includes 
developing, with the Corps of Engineers, the substantive environmental criteria used in 
evaluating a permit application, known as the 404(b)(1) Guidelines, and reviewing and 
commenting upon permit applications. In addition. Section 404(c) of the Clean Water Act gives 
EPA the authority to prohibit the discharge of dredged or fill material at specified locations. 

This authority is sometimes referred to as a “veto.” 

The Section 404(b)(1) Guidelines lay out a three-step sequencing process to protect waters of the 
United States. Through an alternatives analysis and management practices, a project should first 
avoid impacts to “waters of the United States to the extent practicable,” The project should then 
minimize unavoidable impacts if practicable, and ultimately provide compensation for 
unavoidable impacts to waters of the United States. The Section 404(b)(1) Guidelines also 
provide that no discharge of dredged or fill material shall be permitted if it causes or contributes 
to a violation of any applicable State water quality standards, or if it will cause or contribute to a 
significant degradation of waters of the United States, individually or collectively. The Corps 
defers to the Clean Water Act 401 certification process to determine compliance with water 
quality standards and takes into account compensatory mitigation in determining whether there is 
significant degradation. 

In addition, EPA has authorities under the National Pollutant Discharge Elimination System 
(NPDES) pursuant to Section 402 of the Clean Water Act for other types of discharges from 
surface mining operations. Discharge ponds collect stormwater that comes in contact with 
overburden, exposed coal, and other materials at the mining sites, and water from buried streams 
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that filters through the fill. Most states have been authorized to issue permits for such discharges 
under the NPDES program, but EPA retains authority to review and, if necessary, object to draft 
permits and to enforce violations. 

EPA also has a role through NEPA. Since the Clean Water Act Section 404 process results in a 
Federal permit authorizing the placement of fill material into waters of the United States, that 
permit constitutes a Federal action requiring compliance with the procedures established by 
NEPA. Pursuant to Section 309 of the Clean Air Act and NEPA, EPA has a responsibility to 
review and comment on the environmental impacts of proposed Federal actions. The Corps is the 
lead agency under NEPA for Section 404 Clean Water Act permits. 

The design, interpretation, and enforcement of our current tools at all levels 
of government can be improved to better achieve environmental and public 
health goals. 

“The goal of protecting water quality, plant and animal habitat, navigable waterways, and other 
downstream resources is not achievable without the careful protection of headwater streams.” 
Today, both the Surface Mining Control and Reclamation Act (SMCRA) and the Clean Water 
Act serve to regulate surface coal mining in Appalachia. Despite these regulatory reviews and 
the addition of measures in permits to minimize environmental impacts from surface coal 
mining, many unintended and well-documented environmental consequences continue to occur 
from mining operations with valid permits. 
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EPA and Federal agencies have announced coordinated steps to help 
eliminate or minimize the environmental consequences described above. 

EPA will be taking several steps before the end of the year to improve its oversight of 
mountaintop mining activities as part of an interagency Memorandum of Understanding 
announced on June 1 1 , EPA, the Corps of Engineers, and the Department of the Interior will be 
taking a series of both short- and longer terms actions under the CWA and SMCRA to improve 
the regulation of these mining practices under existing statutory authorities. I would like to 
summarize a few of these actions in which EPA will play a significant role. 

As part of this MOU, EPA and the Corps of Engineers will be developing new guidance specific 
to Appalachian surface coal mining on applying the 404(b)(1) Guidelines to pending permit 
applications. Work on these guidelines and on enhanced mitigation guidance will be coordinated 
with the U.S. Fish and Wildlife Service. EPA will also be looking to improve oversight over 
state NPDES permits and water quality certifications issued for discharges from valley fills and 
will be assisting states in their ongoing management of these CWA programs. 

We look forward to working with the Corps of Engineers to incorporate these considerations 
within permit reviews to minimize adverse environmental consequences and more fully exercise 
our Clean Water Act and NEPA responsibilities. 

Thank you, Mr. Chairman for giving me the opportunity to testify today. EPA understands the 
importance of domestic coal to our energy independence goals and to our nation’s economy. 

We want to ensure that this valuable resource is extracted in the least intrusive manner to the 
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environment. We look forward to working with you and your subcommittee to make a positive 
impact on this important issue. 
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Senator Cardin. Well, again, thank you very much for your testi- 
mony and thank you very much for your work. 

I want to start with science, if I might, for a moment. President 
Obama has issued an Executive Order concerning trying to base 
our decisions on good science. What we are trying to find out is 
what good science tells us. Then, we obviously have to make the 
policy judgments. But if it not based upon good science, then every- 
thing else sort of falls by the wayside. 

You have made some conclusions as to some of the environ- 
mental risks associated with mountaintop removal. I want to know 
how confident you are in the science basis of the public health risk 
and the environmental risk. 

Mr. POMPONIO. I want to give you a bit of a perspective. I am 
a Senior Manager with our Region 3 EPA Office, and, as such, I 
have a number of folks who work for me, some of whom apply their 
skills in the regulatory environment and the Section 404 Program 
that assists in regulating mountaintop mining and valley fill. And 
some of them work in the field to collect environmental data, water 
quality data, and aquatic impact data, to set the science, to set the 
stage for the science, and inform us of what is going on. 

I am very confident in the science that we have in Region 3 and 
across the country that discusses the impacts of valley fill activities 
on streams in central and southern Appalachia. There are a couple 
of reasons for that. The headwaters stream citation that I quoted 
in my prepared remarks strongly states that you cannot achieve 
the goals of the Clean Water Act without protecting headwater 
streams. Eleven scientists commented on that issue, and they cited 
235 references when they did so. It is common knowledge that 
these systems, even these small systems, are necessary networks 
that provide ecological benefits, water quality control, flood control 
and those types of things downstream. 

So, as we look at valley fill activities over the years, we examined 
a lot of referenced information and a lot of studies that had been 
done in the past by recognized scientists. As we evolved in our posi- 
tion on mountaintop mining, we began to notice that, one of the 
things that we really needed to do, is put the period on the end of 
whether or not EPA’s perspective was represented by those studies. 

Many of you may have heard of the Pond-Passmore Study. We 
had our own people go out into the field over a period of a number 
of years and check downstream water quality impacts below valley 
fill operations. And what Pond and Passmore found, and published 
in a peer reviewed journal, was that using the West Virginia meth- 
od of demonstrating downstream aquatic impacts to insects, which 
is a fairly typical method used by States and the Federal Govern- 
ment, 63 percent of the time downstream of those valley fills water 
quality impacts to the aquatic insects were reco^ized to a point 
where we perceived that the narrative water quality criteria of the 
State would have been exceeded. 

A different method that Pond and Passmore and others are look- 
ing at, the GLIMPSS method, improves the accuracy of such meas- 
ures. With the GLIMPSS method 93 percent of streams down- 
stream of those valley fills were impacted. 

So, we are very confident in our information. Having said that, 
we have talked to the State of West Virginia’s Deputy Director, 
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Randy Hoffman, a colleague of mine, about concerns he has with 
our interpretation of the Science. We have asked the scientific com- 
munity within EPA to once again review the information that we 
have collected to make sure that it is accurate and of high quality. 

Senator Cardin. Thank you for that answer. We will include, 
without objection, the report that you are referring to. Downstream 
effects of mountaintop coal mining: comparing biological conditions 
using family- and genus-level macroinvertebrate bioassessment 
tools. We will include that in the record of the Committee. 

[The referenced document follows:] 
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Downstream effects of mountaintop coal mining: comparing 
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Abstract. Surface coa! mining with valley fills has impaired the aquatic life in numerous streams in the 
Central Appalachian Mountains. We characterized macroinvertebrate communities from riffles in 37 small 
West Virginia streams (10 unmined and 27 mined sites wth valley fills) sampled in the spring index period 
(March-May) and compared the assessment results using family- and genus-level taxonomic data. Specific 
conductance was used to categorize levels of mining disturbance in mined watersheds as low {<500 \xS/ cm), 
medium (500-1000 |aS/cm), or high (>1000 |iS/cm>. Four lines of evidence indicate that mining activities 
impair biological condition of streams: shift in species assemblages, loss of Ephemeroptera taxa, changes in 
individual metrics and indices, and differences in water chemistry. Results were consistent whether family- 
or genus-level data were used. In both family- and genus-level nonmetric multidimensional scaling (NMS) 
ordinations, mined sites were significantly separated from unmined sites, indicating that shifts in 
community structure were caused by mining. &veral Ephemeroptera genera (e.g., tphemerella, Epeorus, 
Dmnella) and their families (Ephemerellidae, Heptageniidae) were correlated most strongly with the 
primary NMS axis (r > 0.59 for those genera; r > 0.78 for these families). These same Ephemeroptera were 
absent and, thus, eliminated from most of the mined sites. Total Ephemeroptera richness and relative 
abundance both declined with increasing mining disturbance. Several other metrics, such as richness, 
composition, tolerance, and diversity, clearly discriminated unmined vs mined sites. Most family-level 
metrics performed well and approximated the strength of genus-based metrics. A genus-based multimetric 
index (MMI) rated more mined sites as impaired than did the family-based MMI. Water-quality variables 
related to mining were more strongly correlated to NMS axis-1 scortK, metrics, and MMIs than were 
sedimentation and riparian habitat scores. Generally, the correlations between the genus-level MMI and 
water-quality variables were stronger than the correlations between the family-level MMI and those 
variables. Our results show that mining activity has had subtle to severe impacts on benthic 
macroinvertebrate communities and that the biological condition most strongly correlates with a gradient 
of ionic strength. 

Key words: bioassessment, coal mining, macroinvertebrates, specific conductance, Ephemeroptera, 
multimetric index, taxonomic resolution. 


Many studies have shown that coal mining activities 
negatively affect stream biota in nearly all parts of the 
globe (e.g., Lewis 1973a, b. Scullion and Edwards 1980, 
Winterboum and McDiffett 1996, Garcia-Criado et al. 
1999, Kennedy et al. 2003). Acidic coal mine drainage 
(pH < 6) and associated water-quality degradation 
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have been studied the most extensively of all effects 
(e.g., Herlihy et al. 1990, Maltby and Booth 1991, 
Winterboum and McDiffett 1996, Verb and Vis 2000, 
Cherry et al. 2001, DeNicola and Stapleton 2002, 
Freund and Petty 2007). In the northern Appalachians 
and Allegheny Plateau, certain coal strata have higher 
S content than other strata and tend to cause acidic 
mine drainage. Some coal mining activities routinely 
produce acidic mine drainage, but mountaintop 
mining (MTM) in the steep terrain of the Central 
Appalachian coalfields of Kentucky, Virginia, and West 
Virginia generally results in alkaline mine drainage 
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(pH > 7). Calcareous strata and lower concentrations 
of S in the coal help to explain this alkaline mine 
drainage. Coal is made up primarily of organic 
elements (e.g., C, H) and inorganic elements (e.g., Al, 
Fe, Ca, Mg, Na, K, and S), and it contains trace 
elements (including As, Be, Cd, Co, Cr, Hg, Mn, Ni, Pb, 
Sb, and Se). 

During MTM, several overburden layers of sedi- 
mentary rock are removed to access coal layers. Some 
of the mined rock is returned to the mountaintop and 
graded, but excess spoil typically is placed in valleys 
adjacent to the surface mine, resulting in valley fills 
(VFs) or hollow fills (detailed in Slonecker and Benger 
2002). VFs permanently bury the ephemeral, intermit- 
tent, and perennial streams located adjacent to the 
mining operations. Land reclamation involves regrad- 
ing and revegetation using grasses and other herba- 
ceous plants that might be exotic (e.g., Lespedezn 
cuneata). Unlike clear<ut logging, colonization by 
native plants and trees is normally very slow because 
of heavy removal of topsoil and compaction of 
remaining soils on mine sites (Handel 2003). Biogeo- 
chemical properties of reclaimed mine soils can be 
radically different from forest soils, especially in terms 
of C and nutrient availability (Simmons et al. 2008). 
Across the MTM region as a whole, Wickham el al. 
(2007) found that interior forest loss from MTM was 
1.75 to 5X greater than overall forest loss attributable 
to MTM and indicated that fragmentation of forests 
and introduction of edge forest can change the 
condition and ecological function of the remaining 
forest. 

The direct impacts of MTM and associated fills on 
buried streams are undisputed (USEPA 2005). The 
streams buried by the overburden are permanently 
eliminated, and MTM and associated VFs have several 
indirect effects on downstream waters. Precipitation 
and groundwater in the mined watersheds percolate 
through the unconsolidated overburden on the mined 
sites and in the VFs and dissolve minerals until they 
discharge from the toe of the fills as surface water. The 
water quality downstream of the VFs can have 
elevated levels of SO4, Ca, Mg, hardness, Fe, Mn, Se, 
alkalinity, K, acidity, and NO3/NO2 (Bryant el al. 
2002). Sediment runoff is controlled through a series of 
sediment-control structures and ponds, but excess fine 
sediment might be increased in streams downstream 
of VFs (Wiley and Brogan 2003). Moreover, decreased 
evapotranspiration on the mined site and storage in 
the VFs can increase instream baseflows 6 to 7X 
downstream of VFs compared to unmined streams 
(Wiley et al. 2001), and peak flows might be higher 
(Wiley and Brogan 2003). These water-quality, hydro- 
logical, and physical habitat changes have the poten- 
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tial to negatively affect the instream aquatic life 
downstream of alkaline MTM and the associated VFs. 

Contemporary MTM effects on downstream benthic 
macroinvertebrates have been reported in West Virgin- 
ia and Kentucky (Green et al. 2000, Chambers and 
Me^inger 2001, Howard et al. 2001, Pond 2004, 
Hartman et al. 2005, Merricks et al. 2007). Green 
et al. (2000) used family-level data because the state 
monitoring and assessments were done at the family 
level, and data comparability with state regulatory 
decisions was an important consideration. Green et al. 
{2(K)0) also recognized that the family-level assess- 
ments might be conservative in that they might 
underestimate impairment caused by mining. Howard 
et al. (2001) and Pond (2004) identified consistent 
impairment of VF streams using genus-level data in 
Kentucky. 

The West Virginia Department of Environmental 
Protection (WVDEP), the state agency charged with 
protecting the state's waters under the Clean Water 
Act (CWA), currently uses the family-level Stream 
Condition Index (WVSCI; Gerritsen et ai. 2000) to 
conduct bioassessments and interpret the effect as 
biological impairment of aquatic life use. The state has 
listed many of the streams located downstream of 
mined areas and associated VFs as impaired on their 
CWA section 303(d) list of waters needing Total 
Maximum Daily Loads (TMDLs) (WVDEP 2007b). In 
many instances, the mining activity and associated 
VFs are the only sources of pollutants in the 
watershed. 

Despite these studies, there have been different 
interpretations by regulators, the regulated communi- 
ty, and researchers about the severity and potential 
cumulative effects of MTM on resident aquatic life 
(USEPA 2005). Disagreement between regulators and 
the regulated community concerning the severity of 
impairment from mining and VFs might stem from 
differences in level of taxonomic identification, the 
different analyses and metrics used by various entities 
(e.g., regulators, regulated community, and research- 
ers), and the ways in which these metrics are used by 
stale agencies to interpret compliance with water- 
quality standards. In the Central Appalachians, both 
West Virginia and Virginia state agencies use family- 
level assessments to asvsess stream conditions and all 
related stressors. However, US Environmental Protec- 
tion Agency (EPA) Region 3 and WVDEP have recently 
developed a genus-level mulitmetric index (MMI) 
called the Genus-Level Index of Most Probable Stream 
Status (GLIMPSS; Appendix 1), and WVDEP is using 
this MMI to do assessments. Recent studies on the 
benefits of finer taxonomic resolution indicate more 
accurate assessments when genus- or species-level data 
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are used rather than family-level data (Guerold 2000, 
Hawkins et al. 2000, Lenat and Resh 2001, Arscott et al. 

2006) , but family-level assessments are also useful 
(Bowman and Bailey 1998, Bailey et al. 2001, Pond and 
McMurray 2002, Chessman et al. 2007), and the choice 
of which to use depends on the objectives of the 
assessments. Here, we compare family- and genus- 
level data using regulatory tools, such as WVSCI and 
GLIMPSS, and selected metrics that are commonly 
used by states and the regulated community to 
determine attainment of aquatic life uses for CWA 
programs. We examine the severity of impairment in 
waters downstream of VFs using genus-level data and 
offer further analyses of correlated stressors. 

Methods 

Site selection and study area 

We sampled a total of 27 mined sites with VFs 
(mined) and 10 unmined sites in the region of MTM in 
the Central Appalachians (ecoregion 69; Woods et al. 
1996) of West Virginia (Appendix 2). We selected sites 
to provide a range of mining intensity and water 
quality typical of MTM in this ecoregion. Locations of 
sample reaches in mined sites ranged from 0.15 km to 
2.2 km downstream of the nearest mainstem or 
tributary VF (mean = 0.8 km). These data spanned 
collections taken in 1999/2000 (?i= 19 sites) and 2006/ 
2007 (n = 18 additional sites). We evaluated 6 sites (3 
reclaimed mined and 3 unmined) for temporal changes 
over a 6- to 7-y recovery period (1999/2000-2006/ 

2007) . We did not combine data from the 2(X)6/2007 
revisit samples from these 6 sites with data from other 
sites in any statistical tests, but we did include the data 
in exploratory analyses. 

The ecoregion is characterized by highly dissected 
terrain with similar forest types, geology, and climate. 
Bedrock geology is sedimentary and consists of 
interbedd^ sandstones, siltstones, shale, and coal. 
The dominant vegetation is mixed mesophytic forest 
(Braun 1950). Most unmined sites had minor anthropo- 
genic influences (e.g., roads, gas wells, past channeliza- 
tion, timbering). Therefore, we considered them to be 
least disturbed (Stoddard et al. 2006) rather than pristine 
or minimally disturbed. Mined sit® were located 
downstream of VFs in perennial reaches. Whereas some 
mined sites had limited mining disturbance prior to the 
MTM (e.g., contour mining with no VFs), many sites 
were relatively undisturbed prior to mining. Site 
watershed areas were relatively small and ranged from 
0.5 to 15 km^. Small streams in this ecoregion typically 
flow through constrained valleys with relatively high 
gradients and have boulder-cobble substrates (Woods 
et al. 1996). Reach slop® in this study ranged from 2 to 


719 

7% with an average of 3% (USEPA, unpublished data). 
Precipitation patterns are generally uniform throughout 
the study region; however, in summer 1999, this 
coalfield region reached extreme drought status. Rain- 
fall was considered to be normal in our study area 
during 2006/2007 sampling (US Drought Monitor 
Archiv® 2008; http;//drought.unLedu/dm/archive). 

Macroinvertebrate data 

We collected macroinvertebrates from riffles using 
a 0.5-m-wide kicknet (595-nm mesh) in the spring 
index period (March-May 1999/2000 and 2006/ 
2007). Briefly, we composited 4 targeted 0.25-m^ kick 
sampl® to obtain a 1-m^ sample from a 100-m reach 
at each site. In the laboratory, we randomly subsam- 
pled organisms in gridded pans to obtain 200 ± 20% 
individuals. We identified individuals to the genus 
level for most groups, except Turbellaria, Nematoda, 
Hydracarina, and Oligochaeta. In cases where the 
number of sorted organisms was far greater than the 
target, we vSubsampled all samples to 200 organisms 
using a Fortran® program (http://129.123.10.240/ 
WMCPortal/ modeISection.aspx?section=125&title= 
build&tabindex=-l; Western Center for Monitoring 
and Assessment of Freshwater Ecosystems, Utah 
State University, Logan, Utah). We sorted entire 
samples for some sites with low densities, For 
family-level analyses, we collapsed genera and 
summed them to family names in the database. 

Efmromne}ital data 

Bryant et al. (2002) reported monthly water sampl® 
at our mined and unmined sites collected in 1999/2000 
(n = 19 sites), but we sampled only 1 of the 18 
remaining sites for water chemistry in 2007. We used 
mean (?i = 13 mo) chemical concentrations for the sites 
sampled in 1999/2000, whereas the sample collected in 
2007 consisted of a representative grab sample taken at 
the time of macroinvertebrate sampling. Chemical 
variabl® included total metals, dissolved Fe and Mn, 
nutrients (NO3, total P), total suspended solids, 
alkalinity, hardness, anions and cations, pH, and 
specific conductance. We recorded in situ physico- 
chemical variables (pH, specific conductance, and 
temperature) at the time of benthic sampling at all 37 
sites with a portable multiparameter sonde (Hydrolab 
Quanta; Hydrolab Corp., Austin, Texas). Sample 
collection, analytical methods, and r®ults for water 
chemistry (1999/2000 data set) were reported in 
Bryant et al. (2002). 

Percent mining in the catchment might serve as an 
appropriate indicator of mining disturbance, but we 
thought that our mining land-cover estimates were not 
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sufficiently accurate for quantification (e.g., outdated 
imagery and inaccurate satellite interpretation). We 
offer these estimates in Appendix 2 for information 
purposes only. SO4 concentration has been recom- 
mended as a way to estimate mining disturbance in 
some studies (Herlihy et al. 1990, Rikard and Kunkle 
1990), but we lacked SO4 data for nearly Vi of the sites. 
Therefore, we assigned sites to 4 categories of mining 
disturbance (unmined, low, medium, high) using 
specific conductance as the indicator based on the 
strong relationship between monthly SO4 and specific 
conductance in the Bryant et al, (2002) data set (R^ = 
0.94, p < 0.001, n = 511). Many studies have shown 
that specific conductance is also a strong indicator of 
land disturbance, such as urbanization or agriculture 
(Herlihy et al. 1998, Dow and Zampella 2000, Paul and 
Meyer 2001, Black et al. 2004), but our sites included 
only upstream mining disturbances. We derived 
mining disturbance categories by splitting the range 
of mined-site conductivities into 3 categories (low; 
<500 nS/cm [n = 7], medium: 500-1000 (iS/cm \n = 8], 
high; >1000 nS/cm = 12]). These categories were 
used primarily for graphical interpretations and to 
interpret taxonomic composition along a categorical 
gradient. 

We scored physical habitat (0-20 points/metric; 
0-200 points for total score) at all sites using the US 
EPA ^pid Bioassessment Protocol (RBP) (Barbour 
et al. 1999). We considered only the following RBP 
habitat metrics, embeddedness, sediment deposition, 
channel alteration, riparian zone width, and the total 
score, based on our knowledge of these metrics in 
relation to mined watersheds and their overall 
responsiveness in these small Central Appalachian 
streams. 

Data analyses 

We ordinated family- and genus-level community 
composition data across all sites with nonmetric 
multidimensional scaling (NMS; PC-ORD, version 
4.25; MjM Software, Gleneden Beach, Oregon) using 
the Bray-Curds similarity coefficient (Bray and Curtis 
1957, McCune and Grace 2002) based on logio(jf + D 
abundances. We computed the data with 400 maxi- 
mum iterations, 40 real runs, and 50 randomized runs. 
We grouped sites as unmined or mined with low, 
medium, or high disturbance. Taxa found at <5% (~2 
sites) of all sites were removed prior to running NMS 
(as recommended by McCune and Grace 2002). The 
final matrices included 88 genera (of 162 total) and 44 
families (of 48 total). We also tested for congruence in 
genus- and family-level community composidon with 
Mantel's test using matrices calculated from Bray- 
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Curtis similarity matrices (McCune and Grace 2002). 
The Mantel test compared the 37-site Bray-Curds 
matrices between the family- and genus-level data sets 
by lesdng the significance of the correlation between 
matrices using 1000 Monte Carlo permutations 
(McCune and Grace 2002). We used the nonparametric 
muldresponse permutation procedure (MRPP) to 
determine if genus and family composidon differed 
between disturbance categories (PC-ORD). Ranked 
Sorenson distances from the 37 sites were used to test 
the hypothesis of no difference between categories. 
MRPP produced an A-statistic, which compared 
observed vs expected within-site homogeneity based 
on the distance matrices (positive A-values indicate 
higher within-site homogeneity than expected by 
chance, i.e., differences in invertebrate composition 
between sites), and a p-value indicating statistical 
significance. 

We compared several commonly used macroinver- 
lebrate metric values between unmined and all mined 
sites and analyzed the influence of family- and genus- 
level determinations on these comparisons. Metrics 
included genus- and family-level total taxon richness, 
Ephemeroptera-PIecoptera-Trichoptera (EPT) rich- 
ness, Ephemeroptera richness, Plecoptera richness, 
biotic index (BI), and Shannon diversity (HO. Some 
of these metrics are component metrics of the WVSCI 
and GLIMPSS and some of them are used commonly 
by other entities (e.g., researchers and the regulated 
community). The BI indicates the abundance-weighted 
tolerance value of the subsample and relies on 
tolerance values used by WVDEP that correspond to 
values reported in Hilsenhoff (1988), Lenat (1993), and 
Barbour et al. (1999). We used f-tests (after confirming 
that metric skew was <±1) to detect differences 
between unmined and all mined sites with genus- 
and family-level metrics. 

We calculated family-level (WVSCI; Gerritsen et al. 
2000) and genus-level (GLIMPSS; Appendix 1) MMIs. 
These MMIs are used by WVDEP to assess condition 
and aquatic life-use attainment throughout the state. A 
comparison of the component metrics is shown in 
Appendix 1. Briefly, GLIMPSS is calibrated by region 
and season, whereas WVSCI is applied statewide 
within a broad single index period. Both MMIs were 
developed using similar methods, the same reference- 
site selection criteria, and 100-point best standard 
value (BSV) scoring procedures (Barbour et al. 1999), 
WVDEP has established an impairment threshold at 
the 5**' percentile of WVDEP's reference distribution. 
Sites that score at or above this threshold are 
considered not impaired, whereas sites that score 
below the threshold are considered impaired. We used 
GLIMreS scoring criteria for WVDEP's spring index 
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period (March-May). For the GLIMPSS and WVSCI, 
scores <62 and <68, respectively, were rated impaired. 

We also related ordination results (i.e., NMS axis-1 
scores), biological metrics, and MMIs to chemical and 
habitat data using Spearman correlation coefficients. 
We correlated water-quality concentrations to individ- 
ual metrics and MMIs in a separate analjreis because 
the (nearly) full suite of chemical variables was 
available for only 20 of the 37 sites. Distance (km) 
downstream of VFs and the total count of fills 
upstream of the sampling reach were correlated to 
biological indicators, but only within the mined-site 
data set. 

Results 

Assemblage comparisons 

NMS produced 2-dimensional ordinations with 
relatively high resemblance between family- and 
genus-level determinations (Fig. lA, B). A 2-dimen- 
sional solution was found with satisfactory stress 
values of 15.7% for the genus ordination and 18.1% 
for the family ordination. NMS axis 1 represented the 
most variance in both taxonomic treatments (45% for 
genus, 67% for family). Both axes accounted for 
significantly more variance than would be expected 
by chance (Monte Carlo permutation test, p = 0.02, 50 
permutations). In both genus- and family-level runs, 
mined sites were separated considerably from un- 
mined sites in ordination .space, which indicates that 
shifts in community structure were caused by mining 
intensity. 

In general, low, medium, and high disturbance sites 
were similarly aligned along the primary axis in the 2 
ordinations, but in a few instances, the mined-site 
cluster overlapped the unmined-site cluster (Fig. lA, 
B). MRPP showed similar significant differences in 
genus- and family-level composition between all 4 
disturbance categories (genus; A — 0.38, p < 0.00001; 
family: A = 0.36, p < 0.00001). McCune and Grace 
(2002) suggested that an A-value >0.3 indicates very 
high within-group homogeneity. For genus- and 
family-level taxonomy, witiun-group variability (dis- 
tance) was lowest in unmined and low-disturbance 
sites and greatest in high-disturbance sites. Within the 
3 mined categories, MRPP still showed sgnificant 
differences in assemblage composition (genus: A — 
0.15, p = 0.0006; family: A = 0.21, p = 0.00003) across 
disturbance categories. The Mantel test showed a 
strong positive correlation between family- and ge- 
nus-level Bray-Curtis dissimilarity matrices and, thus, 
high overall similarity between family- and genus- 
level composition with respect to the sites (standard- 
ized Mantel statistic, r — 0.82, p — 0.001). Revisited sites 



FiC- 1. Nonmetric multidimensional scaling ordination 
for genus (A) and family (B) determinations at sites 
categorized by mining disturbance (unmined, low, medium, 
high). Percent variance explained by each axis is in 
parentheses. Vectors represent temporal shift of community 
at 6 revisited sites from 1999/2000 samples to 2006/2007 
samples. For clarity, only the 6 most strongly positively and 
negatively correlated taxa for axis 1 are shown, 

(6-7-y period) shifted in ordination space (i.e., as 
indicated by vectors; Fig. 1 A, B), but these pairs of sites 
generally plotted within their respective category 
domains. 
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Table 1. Mean metric values among unmined and mined sites. Statistical comparisons were based on Student's f-tests. EPT = 
Ephemeroptera, Plecoptera, Trichoptera. 


Metric 

Urunined 

Mined 

t 

P 

Total generic richness 

31.9 

21.7 

-A.e 

<0,001 

Total family richness 

19.9 

11.7 

-6.1 

<0.001 

EPT generic richness 

17.9 

8.9 

-7.1 

<0.001 

EPT family richness 

12.8 

6.3 

-5,9 

<0.001 

No. Ephemeroptera genera 

8.2 

2.1 

-11.4 

<0.001 

No. Ephemeroptera families 

4.7 

1.6 

-8.3 

<0,001 

No. Plecoptera genera 

6.0 

2.7 

-5,3 

<0,001 

No, Plecoptera families 

4.0 

2.0 

-^.1 

<0.001 

Genus Biotic Index 

2.4 

4.5 

5.8 

<0.001 

Family Biotic index 

3.4 

4.3 

3.6 

0.002 

Genus Shannon H' 

2.7 

2.1 

-3.7 

0.002 

Family Shannon H' 

2.1 

1.5 

-3.9 

0.001 

% Orthocladiinae 

5.1 

22.1 

4.8 

<0,001 

% Chironomidae 

13.5 

27.1 

2.0 

0.056 

% Ephemeroptera 

45.6 

7.4 

-6.4 

<0.001 

% Plecoptera 

23.8 

27.3 

0.5 

0-63 

% EPT 

77.9 

51.1 

-3.2 

0.003 


Simultaneous ordination of taxa and sites showed 
key genera and families typical of unmined and mined 
streams (Fig. lA, B). In general, Ephemeroptera taxa 
were consistently weighted toward positive NMS axis- 
1 scores and unmined sites, whereas hydropsychid 
caddisflies, several Diptera, and oligochaetes were 
aligned with mined sites. Genera with the 5 highest 
correlations to NMS axis-1 scores included the caddis- 
fly Cheumatopsyche (r =b -0.72) and Ccratopsyche (r = 
-0.62), and the mayfly Epeorus (r = 0.70), EphemereUa 
(r 0.67), and Dmnella {r — 0.59), In the family 
ordination, families with the highest correlation to 
NMS axis-l scores included the mayflies Ephemerelli- 
dae (r = 0.89), Heptageniidae (r = 0.78), Leptophlebii- 
dae (r = 0.67), the caddisfly Uenoidae (r = 0.68), and 
the dipteran family Chironomidae (r == —0.61). The 
relative frequencies of EPT taxa among disturbance 
categories are reported in Appendix 3. 

Metric comparisons 

Nearly all metrics were able to detect mining 
influence, and f-statistics were generally stronger for 
genus-level metrics, but some family-level metrics 
performed as well as or better than genus-level metrics 
(e.g., total family richness, family Shannon H'; Table 1). 
Metric values for unmined sites were significantly 
different from metric values at mined sites (p < 0.001), 
except % Plecoptera (p = 0.63) and % Chironomidae 
ip ~ 0.056). Both genus and family Plecoptera richness 
metrics performed well (Table 1). Performance of the % 
Chironomidae metric (f = 2.0) was improved by 
identifying midges to the subfamily level (% Ortho- 
cladiinae, t = 4.8). Total and EPT richness declined 


similarly and consistently as disturbance category 
increased (Fig. 2A, B). 

The greatest difference between family- and genus- 
level metrics occurred with the BI, an abundance- 
weighted pollution-tolerance metric. Low family BI 
values (i,e., representing the abundance of more 
sensitive taxa at unmined sites) were compressed 
within a narrow range and changed little between low- 
disturbance and unmined sites, whereas the more 
responsive genus BI decreased from >3 at low- 
disturbance sites to 0 at unmined sites to reflect the 
greater abundance of more sensitive genera present in 
the unmined sites (Fig. 3). A more consistent relation- 
ship between the genus- and family-level values of 
metrics was apparent at higher values of BI (>~3.5). 

Family- and genus-level MMI comparisons 

The GLIMPSS and WVSCI were strongly correlated 
(r = 0.90, p < 0.0001), and both MMIs generally agreed 
by assessing unmined sites as unimpaired and highly 
disturbed sites as impaired (Fig. 4). However, WVSCI 
appeared to underestimate impairment for some low- 
and medium-disturbance sites (Table 2). 

Water chemistry, physical habitat, and biological 
relationships 

Most of the chemical and physical variables differed 
significantly between unmined and mined sites 
(Mann-Whitney test, p < 0.05; Table 3). Mean 
elevation and watershed area did not differ signifi- 
cantly between mined and unmined sites. Mean water 
temperature did not differ significantly between mined 
and unmined sites (p = 0.97), even though many of the 
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Fig. 2. Mean (±1 SE) total (A) and Ephcmeroplera, 
Plecoptera, Trichoptera (EFT) (B) richness of genus- and 
family-level determinations across sites grouped by mining 
disturbance categories. 

mined sites were downstream of sediment-control 
ponds, which can become warm from insolation. 
Measures of ionic strength, including individual ions, 
were more affected by mining than were individual 
metals or habitat metrics. We did not encounter classic 
acidic mine drainage because all of our mined sites 
had relatively high HCO3 alkalinity and circumneu- 
tral pH. 

For the 20-site subset, water-quality variables and 
the total RBP habitat scores were relatively strongly 
correlated with many biological metrics and the MMIs 


♦ Unmilled 
A # Low 



Fig. 3. Scatterplot for the relationship between genus and 
family biotic index (BI) values at sites categorized by mining 
disturbance. 


(Table 4). Most biological metrics and the MMIs had 
substantially stronger correlations with specific con- 
ductance and individual ions than with the mining- 
related metals or individual habitat variables. NO3-N 
was strongly correlated with many biological metrics, 
but total P was not detected at any site. The strongest 
relationships between biological variables and any 
metals were those between EPT and Ephemeroptera 
generic richness and Se (r = -0.88), and between % 
Chironomidae and dissolved Fe (r = 0.61). 

For the complete 37-site data set and a smaller 
subset of environmental variables, the relationships 
between specific conductance and MMIs and NMS 
axis 1 were stronger than the relationships between 
pH, temperature, any of the individual habitat metrics, 
or the total RBP habitat score and MMIs or NMS axis-1 
scores (Table 5). Percent Ephemeroptera showed a 
sharp nonlinear threshold response to specific conduc- 
tance, whereby nearly all Ephemeroptera were elimi- 
nated from most medium- and high-disturbance sites 
(Fig, 5A, B). Percent Ephemeroptera was less strongly 
correlated with habitat-quality metrics than with 
specific conductance (see Table 4). 

Temporal trends in condition 

Minor shifts (i.e., vectors) in NMS ordination space 
(Fig. lA, D) were observed for the 6 sites that were 
sampled in 1999/2000 and revisited in 2006/2007. 
After this 6- to 7-y period, both MMIs indicated that 


37 


724 


G. J. Pond et al. 


(Volume 27 


100 


90-- 

80- 


^ Unmined 
• Low 
O Medium 
V High 


1 

O 50- 



30- 

20-J V 
1? 



W I 

^ i 


10 L 
10 


“I r I I i — ^ i 1 

20 30 40 50 60 70 80 90 100 


VWSCt 


Fig. 4. Scatterplot for the relationship between Genus- 
Level index of Most Probable Stream Status (GLIMP^) and 
West Virginia Stream Condition Index (WVSCi) categorized 
by mining disturbance. Vertical and horizontal dashed lines 
represent impairment thresholds (68 for WVSCI; 62 for 
GLIMPSS) based on the percentiles of West Virginia 
Department of Environmental Protection reference distribu- 
tions. 


the 3 mined sites remained impaired, and the sites 
showed variable signs of further degradation or slight 
improvement (Table 6). At Stanley Fork, MMIs, total 
taxon richness, EPT richness, and total RBP habitat 
score improved over time, but specific conductance 
increased substantially. MMIs at unmined sites were 
relatively stable or increased over time and indicated 
that unmined sites remained unimpaired. Tliese sites 
were less variable than mined sites and had more 
consistent total taxon richness, EPT richness, and 
Ephemeroptera richness over time. 

Discussion 

The eWA directs states and tribes to designate 
beneficial uses for streams. Most waters in the US are 
designated for “aquatic life uses,” which means the 
water must support fish, shellfish, insects, and other 
wildlife that inhabit the water. Water-quality stan- 
dards, including numeric parameter-specific criteria 
and narrative criteria, are meant to protect those 
designated uses and specific aquatic life. Numeric 
water-quality criteria (e.g., Se, Fe, Al, pH, total 
suspended solids [TSS]) are sometimes exceeded in 
mined streams, but biological assessments (including 


Table 2. Frequencies of assessment ratings of impaired 
and unimpaired based on genus- and family-level metrics for 
sites in 4 mining disturbance categories. GLIMPSS = Genus- 
Level Index of Most Probable Stream Status, WVSCI = West 
Virginia Stream Condition Index. 


Category 

GLIMPSS (genus level) 

WVSCI (family level) 

Impaired 

Unimpaired 

Impaired 

Unimpaired 

High 

12 

0 

11 

1 

Medium 

8 

0 

6 

2 

Low 

5 

2 

0 

7 

Unmined 

0 

10 

0 

10 


MMIs) more commonly indicate impairment. For 
example, Ephemeroptera are a major component of 
the macroinvertebrate assemblage and often account 
for 25 to 50% of total macroinvertebrate abundance in 
least-disturbed Central Appalachian streams sampled 
in the spring. Therefore, Ephemeroptera richness and 
composition metrics are appropriate indicators for 
bioassessments in this region. Our finding that entire 
orders of benthic organisms (e.g., Ephemeroptera) 
were nearly eliminated in MTM streams is a cause 
for concern and is evidence that the aquatic life use is 
being impaired. 

Our results indicate that MTM is strongly related to 
downstream biological impairment, whether raw 
taxonomic data, individual metrics that represent 
important components of the macroinvertebrate as- 
semblage, or MMIs are considered. The severity of the 
impairment rises to the level of violation of water- 
quality standards (WC^S) when states use biological 
data to interpret narrative standards, For example, in 
West Virginia, the narrative WQS reads, . . no 
significant adverse impact to the chemical, physical, 
hydrologic, or biological components of aquatic 
ecosystems shall be allowed” (WVDEP 2007a). Perti- 
nent to ionic stress effects, Kentucky's narrative WQS 
states, “Total dissolved solids or specific conductance 
shall not be changed to the extent that the indigenous 
aquatic community is adversely affected” {KYDEP 
2007). Both WVDEP and Kentucky Department of 
Environmental Protection (KYDEP) have used biolog- 
ical data to interpret its narrative WQS and then listed 
mining-impaired streams on their 303(d) lists. More 
research is necessary to determine whether MTM- 
impaired streams can be restored to full-attainment 
status through water-quality improvements (e.g., 
permits or TMDL implementation) and physical 
restoration. Family-level assessments might detect 
high and moderate mining impacts and potential 
recovery endpoints, but we think that genus-level 
assessments will be required for thorough stressor 
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Table 3. Chemical and habitat variables at mined and unmined sites. Chemical values are in mg/L unless otherwise specified; p 
values are associated with comparisons between mined and unmined sites done with Kruskal-Wallis l-way analysis of variance 
using the Mann-Whitney U-statistic, Total P was not detected in any samples (0.05 mg/L detection limit). RBP = Rapid 
Bioassessment Protocol. 


Variable 


Mined 


Unmined 

P 

n 

Mean (range) 

« 

Mean (range) 

Watershed area (km^) 

27 

4.9 (0.5-15.9) 

10 

3.0 (0.8-7.0) 

0.516 

Elevation (m) 

27 

3132 G30-500) 

10 

307 (259-421) 

0.973 

Temperature (°C) 

27 

11.7 (7.8-18.2) 

10 

12 (7.3-16.5) 

0.682 

pH (SU) 

27 

7.9 (63-8.9) 

10 

7.1 (6.1-8.3) 

0.005 

Specific conductance (gS/cm) 

27 

1023 (159-2540) 

10 

62 (34-133) 

0.000 

Embeddedness score 

27 

13.6 (3-18) 

10 

16.4 (12-19) 

0.004 

Sediment deposition score 

27 

13.4 (6-18) 

10 

14.8 (10-19) 

0,229 

Channel alteration score 

27 

14.7 (7-19) 

10 

16.8 (15-18) 

0.011 

Riparian zone width score 

27 

143 (7-20) 

10 

16.4 (9-20) 

0.143 

Total RBP habitat score 

27 

147.8 (126-171) 

10 

158.5 (141-168) 

0.006 

HCO 3 

13 

183 (10.7-501.8) 

7 

20.9 (6.1-35) 

0.002 

A! (gg/L) 

13 

96 (<50-272) 

7 

92.5 (<50-183) 

0.380 

Ba (gg/L) 

13 

41.1 (22-68) 

7 

39.6 (15-72) 

0.692 

Ca 

13 

137.5 (38-269) 

7 

7.5 (2.7-12) 

0.000 

Cl 

13 

4.6 «2.5-ll) 

7 

2.8 «2.5-l) 

0.022 

Cu (gg/L) 

13 

2.6 (<2.5-3.4) 

7 

2.9 «2.5-5) 

0.496 

Hardness 

13 

801.4 (225-1620) 

7 

42 (17-72) 

0.000 

Dissolved Fe (gg/L) 

13 

91.8 (<50-281) 

7 

74.3 «50-185) 

0.362 

Total Fe (gg/L) 

13 

275.6 (66-650) 

7 

176 (65-471) 

0.322 

Pb (gg/L) 

13 

1.2 «l-4) 

7 

1.2 « 1 - 2 . 1 ) 

0.496 

Mg 

13 

122.4 (28-248) 

7 

4.3 (2.3-7) 

0,000 

Dissolved Mn (gg/L) 

13 

113.4 (6.5-853) 

7 

20.9 «5-55) 

0.165 

Total Mn (gg/L) 

13 

141.4 (9-904) 

7 

34.1 (<5-83) 

0,143 

Ni (gg/L) 

13 

14.2 «10-S9) 

7 

<10 

0,287 

NOrN 

13 

3.4 (0.8-16.5) 

7 

0,4 (0.1-0.9) 

0.001 

K 

13 

9.9 (3-19) 

7 

1.6 (1.3-2) 

0.000 

Se (jig/U 

13 

10.6 (<1.5-36.8) 

7 

<1,5 

0.001 

Na 

13 

12.6 (2.6-39) 

7 

2.4 {0.7-5,S) 

0.001 

SO4 

13 

695.5 (155-1520) 

7 

16 ( 11 - 21 . 6 ) 

0.000 

Zn (ng/U 

13 

9.1 (<2.5-27) 

7 

10.2 (3.3-23,4) 

0.322 


identifications and to detect subtle improvements from 
stressor abatement activities. 

Our results confirm that MTM impact to aquatic life 
is strongly correlated with ionic strength in the Central 
Appalachians, but habitat quality did explain some 
variance in MMIs and other metrics. All mined sites 
with specific conductance >500 pS/cm were rated as 
impaired with the genus MMI (GUMPSS). Undis- 
turbed streams in the Central Appalachians are 
naturally very dilute, with background conductivities 
generally <75 pS/cm. Downstream of MTM sites, 
specific conductance and component ions can be 
elevated 20 to 30X over the background levels 
observed at unmined sites (e.g., SO 4 : 38x, Mg: 32X, 
HCO 3 ; 15x) (Bryant et al. 2002). Mount et al. (1997) 
recognized the toxicity of major ions and developed 
predictive models to assess the acute toxicity attribut- 
able to major ions using Ceriodaphnia diibia, Daphnia 
magna, and Pimephales promelas. They reported that the 
relative ion toxicity was K > HCO 3 Mg > Cl > SO 4 ; 


this order was confirmed by Tietge et al. (1997), who 
used the models to quantify and predict the toxicity 
from major ions but also identified toxicity from other 
toxic compounds in some high-salinity waters. Our 
data showed that the toxic ions reported by Mount 
et al. (1997) had strong correlations with benthic 
macroinvertebrate metrics and MMIs (Table 4) but at 
concentration ranges much lower than those reported 
in Mount et al. (1997). 

Merricks et al. (2007) reported sporadic acute 
toxicity to C. dubia and D. magna at sites draining 
VFs in West Virginia but did not conclude whether 
ions or metals were responsible. Soucek and Kennedy 
(2(X)5) observed SO 4 toxicity to Hyallela azteca but at 
higher concentrations (>2000 mg/L in hard water) 
than were found in our study. Our mined sites 
averaged nearly 700 mg/L SO 4 , whereas unmined 
sites averaged only 16 mg/L. A water-quality guide- 
line of <100 mg/L SO 4 was recommended to protect 
freshwater organisms in British Columbia (Singleton 
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Table 4, Spearman correlation coefficients (n= 20) between genus and family metrics and multimetric indices (MMJs) in relation 
to environmental variables from the 20-site data subset. AH chemical variables are total concentrations unless specified as dissolved. 
Units are as in Table 3. Biological metrics are abbreviated to order or family name. GLIMPSS = Genus-Level Index of Most Probable 
Stream Status, WVSCl = West Virginia Stream Condition Iiulex, RBP= Rapid Bioassessment Protocol. Teniperature, total P, Ba, Cu, 
total Fe, Ni, Pb, and Zn were not significantly correlated with metrics {p > 0.05). Coefficients in bold are statistically significant (p < 
0.05). 


Variable 

GLIMPSS 

WVSCI 

Total 

generic 

richness 

Total 

family 

richness 

EPT 

generic 

richness 

EPT 

family 

richness 

No. 

Ephem- 

eroptera 

genera 

No. 

Ephem- 

eroptera 

families 

No. 

Plecoptera 

genera 

No. 

Plecoptera 

families 

pH 

-0.30 

-0.29 

-0.12 

-0.36 

-0.23 

-0.30 

-0.35 

-0.37 

-0.01 

0.02 

Specific conductance 

-0.90 

-0.80 

-0.74 

-0.89 

-0.88 

-0.88 

-0.90 

-0.90 

-0.75 

-0.73 

Embeddedness score 

0.61 

0.57 

0.67 

0.64 

0.69 

0.72 

0.52 

0.50 

0.61 

0.60 

Sediment deposition 
score 

0.52 

0.62 

0.40 

0.50 

0.56 

0.66 

0.44 

0.52 

0.47 

0.45 

Channel alteration 
score 

0.51 

0.46 

0.58 

0.50 

0.52 

0.53 

0.34 

0.34 

0.58 

0.58 

Riparian width 
score 

0.21 

0.04 

0.37 

0.21 

0.24 

0.22 

0.13 

0.08 

0.26 

0.23 

Total RBP habitat 
score 

0.76 

0.74 

0.76 

0.75 

0.78 

0.83 

0.64 

0.66 

0.76 

0.72 

HCOt 

-0.78 

-0.72 

-0.67 

-0.77 

-0.76 

-0.75 

-0.75 

-0.77 

-0.65 

-0.62 

Al 

0.28 

0.38 

0.24 

0.43 

0.35 

0.45 

0.29 

0.24 

0.11 

0.12 

Ca 

-0.89 

-0.79 

-0.75 

-0.86 

-0.88 

-0.87 

-0.88 

-0.89 

-0.81 

-0.75 

Cl 

-0.54 

-0.40 

-0.52 

-0.57 

-0.53 

-0.52 

-0.53 

-0.48 

-0.52 

-0.50 

Hardness 

-0.89 

-0.79 

-0.74 

-0.85 

-0.89 

-0.87 

-0.87 

-0.88 

-0.81 

-0.78 

Dissolved Fe 

-0.29 

-OAl 

-0.04 

-0.28 

-0.30 

-0.39 

-0.33 

-0.42 

-0,22 

-0.23 

Mg 

-0.88 

-0.83 

-0.71 

-0.85 

-0.89 

-0.90 

-0.87 

-0.89 

-0.81 

-0.79 

Dissolved Mn 

-0.46 

-0.45 

-0,17 

-0.34 

-0.39 

-0.43 

-0.46 

-0.53 

-0.32 

-0.30 

Total Mn 

-0.36 

-0.35 

-0.04 

-0.25 

-0.28 

-0.35 

-0.37 

-0.47 

-0.21 

-0,20 

NO2 -1- NO-» 

-0.86 

-0.82 

-0.68 

-0.83 

-0.83 

-0.79 

-0.89 

-0.87 

-0.79 

-0.75 

K 

-0.92 

-0.88 

-0.75 

-0.89 

-0.88 

-0.90 

-0.88 

-0.89 

-0.77 

-0.72 

So 

-0.85 

-0.78 

-0.76 

-0.82 

-0.88 

-0.84 

-0.88 

-0.87 

-0.83 

-0.80 

Na 

-0.67 

-0.57 

-0.57 

-0.68 

-0.57 

-0.59 

-0.60 

-0.59 

-0.48 

-0.42 

SO4 

-0.89 

-0.79 

-0.75 

-0.88 

-0.89 

-0.88 

-0.89 

-0.87 

-0.79 

-0.69 


2000). We think that surrogate test organisms (c.g., 
daphnids, amphipods) are more tolerant of pollutants 
than are resident Appalachian biota and that toxicity 
results might not translate into protective criteria. 

Elevated conductivity can be toxic through effects 
on osmoregulation (Wichard et al. 1973, McCulloch 
el al. 1993, Ziegler el al. 2007). Aquatic insects, such as 
Ephemeroptera, have relatively high cuticular perme- 
ability and regulate ion uptake and efflux using 
specialized external chloride cells on their gills and 
integument and internally via Malpighian tubules 
(Komnick 1977, Gaino and Rebora 2000). Large 
increases in certain ions can disrupt water balance 
and ion exchange proc^ses and cause organism stress 
or death. Tests for conductivity toxicity for naayflies 
have produced varying results (Goetsch and Palmer 
1997, Chadwick et al. 2002, Kennedy et al. 2003, 
Hassell et al. 2006), but we think that these studies 
used taxa that are more tolerant (i.e., Hexngenia, 
CenlropHlum, Cloeon, Isonychia) than Central Appala- 
chian mayflies (e.g., ephemerellids, heptageniids). 


Other unknown effects might include ionic stress on 
reproductive success. 

Even at relatively low concentrations, increased 
conductivity can cause significantly higher drift rates 
in benthos (Wood and Dykes 2002), but some taxa are 
not affected (Blasius and Merritt 2002). It is plausible 
that sensitive taxa are absent from mined streams 
because of this drift, but increased drift does not 
explain how recolonization is hindered. Alteniatively, 
elevated specific conductance might simply be an 
indicator of mining disturbance, and other mining- 
related variables (e.g., metal concentrations) might be 
causing or contributing to the impairment, Our 
bioassessment indicators were not strongly correlated 
with dissolved or total metals concentrations in the 
water column, but these results do not rule out 
possible exposure to metals via dietary uptake 
(Gerhardt 1992, Buchwalter and Luoma 2005, Cain 
el al. 2006, Buchwalter et al. 2007) or microhabitat 
smothering by metal hydroxide precipitate (Wellnitz 
et al. 1994, USEPA 2005). 
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Table 4. Extended. 


Variable 

Genus 

Biotic 

Index 

Family 

Biotic 

Index 

Shannon 

H' (genus) 

Shannon 

H' (famUy) 

% 

Ortho- 

cladiinae 

% 

Chiro- 

nomidae 

% 

Ephemer- 

optera 

% 

Plecoptera 

% 

EPT 

pH 

0.34 

0.36 

-0.12 

-0.26 

0.53 

0.31 

-0.35 

-0.13 

-0.32 

Specific conductance 

0.83 

0.68 

-0.83 

-0.83 

0.48 

0.26 

-0.88 

-0.19 

-0.68 

Embeddedness score 
Sediment deposition 

-0.53 

-0.45 

0.62 

0.56 

-0.02 

0.21 

0.44 

0.45 

0.47 

score 

Channel alteration 

-0.60 

-0.57 

0.48 

0.56 

-0.34 

-0.23 

0.48 

0.49 

0.63 

score 

Riparian width 

-0.46 

-0.32 

0.48 

0.36 

-0.05 

0.24 

0.28 

0.42 

0.35 

score 

Total RBP habitat 

-0.08 

Q.QO 

0.27 

0.12 

0.25 

0.55 

-0.05 

0.10 

-0,05 

score 

-0.70 

-0.57 

0.72 

0.71 

-0.21 

-0.02 

0.58 

0.38 

0.60 

HCO^ 

0.81 

0.70 

-0.62 

-0.73 

0.54 

0.37 

-0.75 

-0.26 

-0.74 

Al 

-0.24 

-0.02 

0.41 

0.37 

-0.24 

-0.15 

0.24 

-0.08 

0.17 

Ca 

0.85 

0.73 

-0.78 

-0.81 

0.47 

0.26 

-0.88 

-0.28 

-0.74 

Cl 

0.41 

0.33 

-0.58 

-0.40 

0.00 

-0.16 

-0.46 

-0.10 

-0.22 

Hardness 

0.85 

0.72 

-0.77 

-0.80 

0.47 

0.26 

-0.90 

-0.26 

-0.73 

Dissolved Fe 

0.41 

0.34 

-0.22 

-0.43 

0,45 

0.61 

-0.51 

0.14 

-0.40 

Mg 

0.87 

0.76 

-0.74 

-0.81 

0.52 

0.32 

-0.92 

-0.32 

-0.77 

Dissolved Mn 

0.46 

0.44 

-0.40 

-0.49 

0.42 

0.35 

-0.52 

-0.07 

-0.41 

Total Mn 

0.41 

0.41 

-0.30 

-0.35 

0.40 

0.31 

-0.49 

-0.09 

-0.36 

NO2 4- NO, 

0.85 

0.82 

-0.63 

-0.73 

0.60 

0.39 

-0.90 

-0.44 

-0.79 

K 

0.91 

0.74 

-0.78 

-0.87 

0.58 

0.40 

-0.90 

-0.27 

-0.80 

Se 

0.79 

0.70 

-0.68 

-0.73 

0.44 

0.32 

-0.86 

-0,28 

-0.72 

Na 

0.71 

0.57 

-0,44 

-0.56 

D.60 

0.32 

-0.58 

-0.20 

-0.60 

SO4 

0.83 

0.69 

-0.79 

-0.80 

0.48 

0.26 

-0.88 

-0.25 

-0.71 


MMIs were correlated with Se, but Se is considered 
relatively nontoxic to invertebrates, and this element is 
a greater concern for bioaccumulation in vertebrates 
than it is for toxicity in invertebrates (Lemly 1999, 
Hamilton 2004). Ingersoll et al. (1990) reported chronic 
Se toxicity to D. mag\m at concentrations >10 to lOOX 
higher than those found in our study, but Halter et al. 
(1980) reported chronic toxicity (14 d) in H. azteca at 
levels ~2X as high as our maximum concentration. A 
review by deBruyn and Chapman (2007) suggested 
that Se could cause sublethal effects to invertebrates at 
concentrations considered safe for fish and birds. 

In cases where MTM activities resulted in smaller 
increases in ionic strength, we observed less-severe 
biological impairment. Within the mined site data set, 
we found no evidence that MMIs were significantly 
correlated with the number of VFs upstream or 
distance from the fill (p > 0.05), but these indicators 
appeared to be related to our inexact estimates of the 
amount of mining in the watershed. Aerial photos of 
these particular operations revealed that VFs were 


relatively small in size and intervening unmined 
tributaries probably offered some degree of dilution 
to our downstream sampling sites. For example, 
Dingess Camp had 1 small VF in its headwaters and 
2 intervening unmined tributaries upstream of our 
sample reach. This site was rated unimpaired and had 
corresponding specific conductance of 423 pS/cm and 
total RBP habitat score of 160. However, medium- and 
high-specific-conductance sites contained either 1 large 
VF or multiple small VFs with no intervening unmined 
tributaries to provide dilution. This observation 
suggests that maintaining some unmined w'atersheds 
to provide adequate dilution immediately down- 
stream of future MTM projects might be an effective 
way to protect downstream resources. These unmined 
watersheds also could act as refugia for maintenance 
of regional diversity and sources of recolonization for 
some species for reclaimed or restored reaches below 
VFs (e.g., Lowe et al. 2006). Future research should 
focus on the impairment mechanism and should 
include investigations of chronic effects on osmoreg- 
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Table 5, Spearman correlation coefficients of Genus-Level Index of Most Probable Stream Status (GLIMPSS) and West Virginia 
Stream Condition Index (WVSCl) and genus- and femily-level nonmetric multidimensional scaling (NMS) axis scores vs a 
truncated list of environmental variables available for the entire 37-site data set. Values in bold are statistically significant (p < 0.05), 
RBP = Rapid Bioassessment Protocol. 



GLIMPSS 

wvsa 

MMS 1 

Genus 

NMS 2 

NMS 1 

Family 

NMS 2 

Temperature (°C) 

0.09 

0.02 

-0,14 

0.33 

-0.02 

0.41 

pH (SU) 

-0.44 

-0.47 

-0.47 

-0.39 

-0.47 

0,01 

Specific conductance (^S/cm) 

-0.91 

-0.80 

-0.84 

-0.72 

-0.90 

0.16 

Embeddedness score 

0.23 

0.22 

0.22 

0.04 

0.15 

0.04 

Sediment deposition score 

0.20 

0.28 

0.30 

-0.07 

0.20 

-0.33 

Channel alteration score 

0.29 

0.20 

0.28 

0.15 

0.33 

0,00 

Riparian score 

0.11 

0.02 

0.15 

0.04 

0.14 

0,19 

Total RBP habitat score 

0.38 

0.43 

0.45 

0.12 

0.38 

-0.16 

Watershed area (km^) 

-0.19 

-0.19 

-0.22 

-0.26 

-0.25 

-0.37 

Elevation (m) 

0.16 

0.24 

0.07 

0.30 

0.15 

0.29 


ulation from elevated specific conductance, catastroph- 
ic drift with no recolonization, chronic metal exposure 
via dietary uptake, and further study of the most 
vulnerable life stages. It is necessary to identify the 
specific parameters causing impairment to develop 
appropriate water-quality standards and control solu- 
tions. 

Influence ofMTM and taxonomic resolution on commM«/fy 
composition 

Unmined streams had assemblages (genus and 
family level) that differed markedly from assemblages 
in mined streams; ordinations showed strong shifts in 
taxonomic composition as indicated by the spread of 
sites categorized by mining disturbance. In general, 
Ephemeroptera genera and families were most indic- 
ative of unmined streams and contributed the most to 
separation of sites in ordination space. Mined sites also 
revealed signature communities dominated by facul- 
tative and tolerant taxa such as orthoclads, hydro- 
psychids, oligochaetes, and other Diptera. In both 
mined and unmined streams, Plecoptera abundance 
often was dominated by the nemourid Amphinemura, a 
moderately facultative genus that is ubiquitous in 
small streams throughout the ecoregion. 

Use of genus or family taxonomic determinations 
did not affect our multivariate ordination interpreta- 
tions. Lenat and Resh (2001) indicated that family-level 
data approximate finer taxonomic data with multivar- 
iate statistics (Purse et al. 1984, Bowman and Bailey 
1998); however, Hawkins et al. (2000) found that 
genus-level multivariate predictive models performed 
better than family-level models in California streams. 
Arscott et al. (2006) also showed that genus- and 
species-level ordinations distinguished urban and 
agricultural impacts to streams better than did 


family-level ordinations in the Hudson River Valley. 
We reason that genus- and family-level ordinations 
were relatively similar in our data set because many 
families collected had few genera at each site and 
because of spatial proximity and physical similarity of 
small study streams within the ecoregion and strong 
chemical stressor effects on mined communities. 

Metric comparisons 

Condition assessment of aquatic resources should 
rely on proven indicator metrics that are responsive to 
increasing stress (Karr and Chu 1999). In our analyses, 
genus-level metrics most accurately detected mining 
impacts based on /-tests, but family- and order-level 
metrics also were highly successful. The fact that most 
family- and order-level metrics could easily discrimi- 
nate mining influences confirms that Vp sites were 
considerably impacted and would certainly represent 
nonattainment of CWA designated use for aquatic life. 
The commonly used % EPT metric was less sensitive 
than other metrics because this metric was driven 
primarily by the presence of tolerant hydropsychid 
caddisflies or Amphinemura at mined sites. Total and 
EPT richness was greatly reduced below VPs (by 30- 
50% of values at unmined sites). In contrast, Merricks 
et al. (2007) did not find a significant decline in taxon 
richness below VPs. However, the single reference site 
used by Merricks et al. (2007) had values of specific 
conductance that were 4X higher than the average 
value at our unmined sites, indicating some distur- 
bance at their reference site. Furthermore, the taxon 
richness value at their reference site was only of the 
taxon richness we commonly observed. 

Genus-level data offer better responsiveness than 
family- or order-level data because of the larger 
number of taxa idejitified and the more accurate 
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tolerance values assigned to genera (Lenat and Resh 
2001, Chessman et a!. 2007). Differences in total taxon 
richness might be minimized because generic richness 
within individual invertebrate families (i.e., low 
genus;fami!y ratios) seems to be lower in small Central 
Appalachian streams than in larger warm-water 
systems. Therefore, family-level taxon richness offers 
a close approximation to genus-level taxon richness in 
these small Appalachian systems. Exceptions to this 
are, for example, the families Chironomidae, Baetidae, 
Ephemerellidae, Heptageniidae, Hydropsychidae, El- 
midae, and Perlodidae. Some of these same genus-rich 
families contain genera with a wide range of pollution- 
tolerance values (Blocksom and Winters 2006). This 
fact was evident in the comparison of genus- and 
family-level BI values. The family-level BI will be less 
sensitive than the genus-level BI if genera within a 
family have a broad range of tolerance values. Genus 
and family Bis were better correlated in the mid- and 
upper range of the BI scale than in the low range, a 
result that might reflect the narrower range of 
tolerance values in the more pollution-tolerant families 
normally found in mined streams. Ephemeroptera 
metrics performed similarly across taxonomic levels 
(i.e., genus, family, and order levels); populations were 
nearly eliminated below VFs in our study and others 
(Howard et al. 2001, Pond 2004, Hartman et al. 2005, 
Merricks et al. 2007). The only mayflies observed 
frequently at our low- to medium-disturbance sites 
were Baetis and Plauditus, 2 relatively facultative 
genera (Appendix 3). 

MMl comparisons and impairment ratings 

Nearly all of the mined sites were assessed as 
impaired based on GLIMPSS, whereas none of the 
unmined sites was assessed as impaired. Assessment 
ratings based on genus- and family-level MMIs were 
in agreement 81% of the time for sites in our data set. 
Genus-level GLIMPSS assessment ratings also agreed 
with family-level WVSCI assessment ratings ~80% of 
the time during development of GLIMPSS, which 
included all forms of impacts (not just mining; 
WVDEP, unpublished data; n — 421 for spring index 
period, ecoregions 67-69; Woods et al. 1996). However, 
18% of the time, the WVSCI missed moderate 
impairment as rated by the GLIMPSS (73 of 421 sites). 
We think that this discrepancy represents a significant 
loss in assessment accuracy and supports the use of 
genus-level assessments in all state regulatory assess- 
ments of stream condition and related stressors. 
Several authors have acknowledged that family-level 
assessments (MMIs, multivariate predictive models, 
pollution-tolerance indices, or ordinations) can delect 
obvious impairment in relation to reference conditions 
(Bailey et al. 2001, Lenat and Resh 2001, Arscott et al. 


% 60- 
S. 

i SO- 
E 

z 


(D 

(0 

5 6 - 


♦ Uninined 

• Low 

O Medium 
V High 


40-p 




OC.> 

CO o 


500 1000 1500 2000 2500 

Specific conductance (^S/cm) 


Fig. 5. Scatterplots for the relationship between % 
Ephemeroptera (A) and number of Ephemeroptera genera 
(B) and specific conductance at sites categorized by mining 
distuibance. 


2006, Chessman et al. 2007). WVSCI detected severe 
impacts but missed some low- to moderate-distur- 
bance impacts that were detected by the GLIMPSS. 
The limitations of the WVSCI are that it does not use 
Ephemeroptera metrics, which were part of the 
GLIMPSS, and it does not account for spatial and 
temporal differences in benthic communities, whereas 
GLIMPSS is specifically calibrated to reference sites 
that have been seasonally and regionally partitioned. 
We did not attempt to modify the WVSCI to account 
for these Lssues because seasonal or regional adjust- 
ments were considered unnecessary in the develop- 
ment of WVSCI (Gerritsen et al. 2000). 
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Tabi-E 6. Multimetric indices (MMIs), selected metric values, specific conductance, and total Rapid Bioassessment Protocol (RBP) 
habitat scores for 6 sites (3 reclaimed mined sites, 3 unmined sites) visited in 1999/2000 and revisited in 2006/2007, GLiMPSS = 
Genus-Level Index of Most Probable Stream Status, WVSCI = West Virginia Stream Condition Index, EFT = Ephemeroptera, 
Plecoptera, Trichoptera. 


Stream 

Ballard 

(mined) 

Stanley Fork 
(mined) 

Sugartree 

(mined) 

Rushpatch 

(unmined) 

Spring 

(unmined) 

White Oak 
(unmined) 

1999 

2006 

2000 

2006 

1999 

2006 

1999 

2006 

1999 

2006 

2000 

2007 

GLiMPSS 

51 

38 

21 

34 

32 

29 

75 

75 

74 

79 

75 

85 

WVSCI 

55 

52 

25 

38 

52 

36 

68 

90 

90 

95 

91 

88 

Total generic richness 

33 

20 

14 

28 

22 

20 

42 

40 

33 

37 

32 

30 

EPT generic richness 

12 

9 

2 

6 

4 

4 

17 

19 

17 

21 

17 

20 

Ephemeroptera generic richness 

3 

3 

0 

0 

0 

0 

9 

7 

8 

8 

9 

8 

Specific conductance (pS/cm) 

1201 

1195 

1387 

2010 

1854 

1910 

60 

70 

51 

66 

64 

88 

Total RBP habitat score 

148 

149 

145 

155 

141 

154 

147 

144 

156 

149 

161 

163 


Water-chemistry, physical habitat, and biological 
relationships 

Water quality structured benthic communities more 
than habitat quality. Our study and others (Chambers 
and Messinger 2001, Howard et al. 2001, Fulk el al. 
2003, Pond 2004, Hartman et al. 2005, Merricks et al. 
2007) suggest that specific conductance is the best 
predictor of the gradient of conditions found down- 
stream of alkaline mine drainage and VF sites in the 
Central Appalachians. In previous studies, MMIs and 
Ephemeroptera metrics were strongly negatively cor- 
related with instream specific conductance in West 
Virginia (Green et al. 2000, Chambers and Messinger 
2001) and Kentucky (Howard et al. 2001, Pond 2(W4). 
Yuan and Norton (2003) found that Ephemeroptera 
richness was particularly sensitive to increasing 
specific conductance in the Mid-Atlantic Highlands. 
Black et ai. (2004) reported that Ephemerellidae and 
Heptageniidae (the 2 primary mayfly families eradi- 
cated from our high-specific-conductance sites) had 
low specific-conductance optima in Pacific Northwest 
streams. In an analysis of West Virginia data, Fulk el al. 
(2003) confirmed that WVSCI scores were negatively 
correlated with individual and combined ion concen- 
trations, but also with the concentrations of Be, Se, and 
2n. Hartman et al. (2005) reported significantly lower 
densities of Ephemeroptera, Coieoptera, Odonata, 
noninsects, scrapers, and shredders ip < 0.03) in West 
Virginia VF streams compared to reference streams, 
but they also found that total abundance of all 
organisms was not substantially reduced in VF 
streams. Hartman et al. (2005) also reported that 
Ephemeroptera family richness was negatively related 
to specific conductance and that many of the richness 
metrics were negatively related to particular metals. 
Ephemeroptera are known to be sensitive to trace 
metals, especially in soft waters (Clements 2004), but 


we found that metal concentrations in the water 
column were not strongly correlated to Ephemeroptera 
(except Se) in our hard-water mined streams. Last, 
NO3-N was significantly related to benthic metrics, but 
we did not visually observe excessive algal growth 
during the surveys. However, we cannot assume that 
diatom communities were not affected at these sites. 
Total P was probably limiting (it was below the 0.05 
mg/L detection limit). Thus, most N probably was 
exported from the watershed and was autocorrelated 
with ionic strength. 

Individual physical habitat variables and total RBP 
habitat score were more correlated with MMIs or 
individual metrics in the 20-site subset (Table 4) than in 
the full data set (Table 5). The discrepancy between 
habitat correlations in the 20-site subset vs the 37-site 
data sets probably arose because more mined sites had 
better habitat quality in the 37-8ite data set than in the 
20-sile subset. Howard et al. (2001) and Pond (2004) 
reported that habitat indicators (chiefly sedimentation 
and embeddedness) were .strongly correlated with 
MMIs and particular metrics in Kentucky headwater 
streams. Surface mining can deliver excess sediment to 
watersheds (Starnes and Gasper 1995, Waters 1995, 
Chambers and Messinger 2001). We did not observe 
excessive sedimentation in our sampled reaches 
downstream of VF sediment-control ponds, but 
sediments might be transported and deposited farther 
downstream. Hartman et al. (2005) did not find 
significant differences in sedimentation below VFs 
after 5 to 20 y and speculated that after the initial pulse 
of sediments from mining operations, fine sediments 
might be sufficiently flushed from headwater reaches. 

Observatiom on recovery 

Our 3 revisits to sites downstream of reclaimed 
MTM and VFs revealed little sign of biological 



44 


2008J 

recovery (with MMIs or selected metrics) after 6 to 7 y, 
whereas communities within the 3 unmined catch- 
ments remained relatively stable. Habitat improve- 
ment was subtle at the downstream reaches of mined 
streams, but specific conductance remained very high, 
indicating that water chemistry is limiting recovery of 
these communities. Impacts to ecosystem structure 
and function (i.e., soil and water biogeochemistry, leaf 
decomposition, macroinvertebrates) remained after 15 
y of recovery of a coal-mined watershed in Maryland 
(Simmons et al. 2008), and the oldest VF site in the data 
set given in Merricks et al. (2007) still had downstream 
specific conductance values >1200 pS/cm and no 
mayflies after 15 y. Further studies are needed to 
determine long-term recovery patterns of aquatic 
communities downstream of MTM and VFs. 

Concluding Comments 

We explored a causal link between MTM and 
biological degradation, and our data support the type 
of logical argument summarized by Beyers (1998) for 
establishing causal connections. Fore (2003) modified 
Beyers' 10 criteria and demonstrated causal links 
between human disturbance and biological condition 
in mid-Atlantic streams. The 10 criteria are: 1) strength, 
2) consistency, 3) specificity, 4) temporality, 5) dose 
response, 6) plausibility, 7) experimental evidence, 8) 
analogy, 9) coherence, and 10) exposure. Eight of the 10 
criteria were relevant for constructing a causal 
inference argument vrith our bioassessment data. We 
excluded specificity (because the bioassessment tools 
respond to many sources of degradation) and expo- 
sure (because we did not evaluate exposure indicators 
in affected organisms). Our data met 6 of the 
remaining 8 relevant criteria: 

1. Ninety-three percent of the mined streams and none 
of the unmined streams were impaired using the 
preferred genus-level GLIMPSS, indicating the 
strength of the association. 

2. The relationship between MTM and biological 
impairment has been confirmed by other investiga- 
tors working in the Central Appalachians of West 
Virginia and Kentucky, indicating consistency. 

3. Because our unmined sites were not impaired and 
were selected to be typical of least disturbed 
reference sites, these sites are representative of 
premining conditions in the watershed. We think 
it is reasonable to conclude that mining disturbance 
preceded the observed biological change (temporal- 
ity). 

4. Biological condition degraded in response to in- 
creasing mining disturbance, as measured by 
mining-related water-quality parameters, indicating 
dose response. 
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5. The premise that MTM causes downstream biolog- 
ical degradation is plausible given the wholesale 
landscape changes, hydrological alterations, and 
potential toxicants that are discharged. For example, 
elevated ionic strength can impair osmoregulation, 
which offers a plausible mechanism of impairment 
to macroinvertebrates. 

6. Similar stressors cause similar effects to those found 
here (analogy). For example, diverse human activ- 
ities (urbanization, oil- and gas-well drilling, road 
salting) that produce elevated ionic strength or 
landscape disturbance also are correlated with 
downstream impairment in empirical studies, and 
experimental toxicity testing has confirmed the 
toxicity of mining-related component ions. 

We are currently conducting chronic toxicity testing 
experiments using surrogate organisms to provide 
experimental evidence that quantifies the toxicity of 
these mining effluents on downstream waters. These 
experiments will test the ambient downstream waters 
and synthesized waters that will mimic the ionic 
components of waters downstream of mines but will 
not contain any other potential toxicants (e.g., metals). 
The results of these experiments will help to provide 
more coherence between empirical and experimental 
evidence on the downstream chemical effects of MTM 
to aquatic life. 
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Appendix 1. Additional infonnation on 

development and application of the Genus-Level 
Index of Most Probable Stream Status (GLIMPSS). 

The GLIMPSS was developed using best standard 
practices based on US Environmental Protection 
Agency (EPA) guidelines (Barbour et a!. 1999) and 
Karr and Chu (1999) using >3000 statewide probabi- 
listic and targeted sites (265 reference, 775 stressed) 
collected between 1998 and 2006. US EPA Region 3 
and West Virginia Department of Environmental 
Protection (WVDEP) used widely recommended index 
calibration and validation techniques that included 
testing 36 different metrics for discrimination efficien- 
cy, redundancy, response to stressors, variability, and 
precision. Data were partitioned by bioregional (Alle- 
gheny Plateau, Central Appalachian-Ridge and Val- 
ley) and seasonal (winter, spring, summer) factors after 
examining nonmetric multidimensional scoring (NMS) 
ordinations and metric distributions. GLIMPSS metrics 
and scoring criteria were developed for 7 strata. For 
our study sites, we used metrics and final scoring 
criteria developed for the Mountain Spring stratum 
(i.e., spring index period/combined ecoregions 67 and 
69). Table A1 compares the metrics used in the 
GLIMPSS to the family-level West Virginia Stream 
Condition Index (WVSCI). 


Table A1. List of metrics used in the Genus-Level Index 
of Most Probable Stream Status (GLIMPSS) and the West 
Vifginia Stream Condition Index (WVSCI). Metric scoring 
formulae indicate metric value (x) divided by the best 
standard value (BSV) that corresponds to the 5*'* or 95*'’ 
percentile (depending on metric response direction) of West 
Virginia Department of Environmental Protection (WVDEP) 
data distribution for all sites in the spring index period, 
ecoregions 67/69 (for GLIMPSS), or within a broader March 
to October index period applied statewide (for WVSCI). The 
final GLIMPSS and WVSCI scores are calculated as the 
average metric score. Final GLIMPSS scores <62 were rated 
impaired; final WVSCI scores <68 were rated impaired. 
Intolerant richness is based on count of taxa with tolerance 
values <4. EFT = Ephemeroptera, Plecoptera, Trichoptera. 


Metric 

Scoring formula 
(value/BSV)100 

GLIMPSS 

Total generic richness 

(x/41.5)100 

Intolerant richness 

(x/22.5)100 

Ephemeroptera generic 
richness 

(x/ll)100 

Plecoptera generic 
richness 

(x/9)100 

CUnger generic richness 

(x/21.5)100 

Genus biotic index 

(10 -x)/(10- 1.7)100 

% Ephemeroptera 

(x/53.5)100 

% Orthodadiinae 

(100 -i)/(100- 0,7)100 

% 5 dominant genera 

(iOO - x)/(100 - 47.2)100 

WVSCI 

Total family richness 

(x/22)100 

EPT family richness 

(x/13)100 

Family biotic index 

(10 -x)/(10- 2.6)100 

%EPT 

{x/89.3)100 

% Chironomidae 

(100 -x)/(100 - 1.7)100 

% 2 dominant families 

(100 -x)/a00- 37.3)100 
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Appendix 2. General site information by mining disturbance category. Estimated percentage of the watershed mined, number of 
fills, and distance of site from nearest fill were determined using 1993 Landsat multiresolution land-cover data (for the 1999-2000 
data set) and by digitized aerial photography with a 2006 nnining pmnit boundary layer (2006-2007 data set). Distance to nearest 
fill (distance) is indicated as a mainstem (M) or tributary (T) fill. Mining activity was recorded as of the time of sampling- LF - left 
fork, UT — unnamed tributary, - = not applicable. 


Site 

Year 

Watershed 

Disturbance 

category 

Watershed 
area (km^) 

Elevation 

(m) 

% 

mining 

No. 
of fills 

Distance 

(km) 

Mining 

activity 

Rockhouse 

1999 

Coal 

Medium 

4.0 

292.8 

47 

1 

0.37 (M) 

Inactive 

Beech 

1999 

Coal 

Medium 

11.6 

289.8 

19 

5 

0.67 (T) 

Inactive 

LF Beech 

2000 

Coal 

High 

6.8 

280.6 

45 

1 

0.55 (T) 

Active 

Buffalo 

1999 

Coal 

Medium 

3.1 

500.2 

1 

5 

0,35 (T) 

Inactive 

Sandiick 

2007 

Coal 

Low 

11.4 

245.4 

9 

2 

0.96 (T) 

Active 

Laurel 

2007 

Coal 

High 

15.9 

244.7 

20 

7 

0.75 (T) 

Active 

Hughes 

2000 

Gauiey 

Medium 

9.9 

283.7 

32 

8 

0.44 (T) 

Inactive 

Neff 

1999 

Gauley 

Low 

3.0 

424.0 

12 

3 

1.65 (T) 

Inactive 

Robinson 

2007 

Gaulev 

High 

12.4 

341.3 

76 

7 

1.1 a) 

Active 

Sugarcamp 

2007 

Gauley 

Medium 

5.2 

328.2 

31 

2 

2.2 (T) 

Active 

UT Twentymilel 

2007 

Gauley 

High 

0.8 

331.1 

85 

1 

0.51 (M) 

Active 

Boardtree 

2007 

Gauley 

High 

2.9 

316.9 

80 

1 

0.15 (M) 

Active 

Hardway 

2007 

Gauley 

High 

1.4 

349.9 

14 

1 

0.62 (M) 

Active 

Sugartree 

1999 

Guyandotte 

High 

1.9 

256.2 

50 

2 

0.08 (T) 

Inactive 

Stanley 

2000 

Guyandotte 

High 

4.5 

250.1 

65 

6 

0.32 (T) 

Inactive 

Ballard 

1999 

Guyandotte 

High 

6.2 

260.8 

17 

8 

0.93 (T) 

Inactive 

Cow 

2000 

Guyandotte 

Low 

1.3 

439.2 

1 

1 

1.02 (M) 

Inactive 

LF Cow 

1999 

Guyandotte 

Low 

3.2 

353.8 

13 

2 

0.61 (T) 

Inactive 

Hall 

1999 

Guyandotte 

Medium 

0.5 

439.2 

65 

1 

0.37 (M) 

Inactive 

Whitman 

2007 

Guyandotte 

Low 

2.8 

324.9 

41 

1 

1.2 (T) 

Active 

Ellis Camp 

2007 

Guyandotte 

Low 

1.0 

274.3 

49 

1 

0.99 (M) 

Inactive 

Winding Shoals 

2007 

Guyandotte 

High 

1.2 

243.2 

75 

1 

0.64 (M) 

Inactive 

Camp 

2007 

Guyandotte 

M^ium 

1.5 

335.8 

35 

2 

0.85 (M) 

Active 

Righthand 

2007 

Guyandotte 

Medium 

12.4 

230.1 

17 

6 

0.89 (T) 

Active 

Slab 

2007 

Guyandotte 

High 

9.3 

255.9 

52 

4 

0.99 m 

Active 

Jims 

2007 

Tug Fork 

High 

1.3 

250.2 

57 

1 

0.60 (M) 

Inactive 

Dingess Camp 

2007 

Tug Fork 

Low 

2.1 

280.4 

16 

1 

1.8 (M) 

Inactive 

Oldhouse 

1999 

Coal 

Unmined 

1.8 

317.2 

- 

- 

_ 

Unmined 

White Oak 

2000 

Coal 

Unmined 

2.7 

350.8 


_ 


Unmined 

Trace 

2007 

Coal 

Unmined 

1.8 

259.1 

_ 

- 

_ 

Unmined 

Neil 

1999 

Gauley 

Unmined 

3.9 

289.8 

- 

- 


Unmined 

Rader 

2000 

Gauley 

Unmined 

5.3 

420.9 

- 


_ 

Unmined 

Ash 

2007 

Gauley 

Unmined 

7.0 

286.5 

- 

- 

_ 

Unmined 

UT Twentymile2 

2007 

Gauley 

Unmined 

0.8 

279.8 

_ 


- 

Unmined 

Spring 

1999 

Guyandotte 

Unmined 

1.4 

274.5 

- 

- 

- 

Unmined 

Rushpatch 

1999 

Guyandotte 

Unmined 

2.1 

286.7 

- 

- 

- 

Unmined 

Cabin 

1999 

Guyandotte 

Unmined 

4.7 

265,4 

- 

- 

- 

Unmined 




50 


2008} Downstream Effects of Moimtaintop Mining 737 


Appendix 3. Relative frequency (%) of Ephemeroprtera, Plecoptera, and Trichoptera occurrences among mining disturbance 
categories. Note the strong dose response of many taxa along the mining disturbance gradient. 


Order 

Family 

Genus 

Unmined 
(n = 10) 

Low 
in = 7) 

Medium 
in = 8) 

High 
in = 12) 

Ephemeroptera 

Ameletidae 

Amdetus 

90 

71 

25 

0 

Ephemeroptera 

Daetidae 

Acentrdia 

60 

43 

25 

8 

Ephemeroptera 

Baetidae 

Baelis 

70 

71 

63 

17 

Ephemeroptera 

Baetidae 

Diphetor 

10 

0 

0 

0 

Ephemeroptera 

Baetidae 

Pfauditus 

10 

43 

13 

25 

Ephemeroptera 

Ephemerellidae 

Dnmella 

90 

57 

0 

0 

Ephemeroptera 

Ephemerellidae 

Ephemerella 

100 

86 

25 

8 

Ephemeroptera 

Ephemerellidae 

Em-ylophella 

20 

0 

0 

0 

Ephemeroptera 

Ephemeridae 

Ephemera 

20 

0 

0 

0 

Ephemeroptera 

Heptageniidae 

Cinygmula 

80 

43 

0 

0 

Ephemeroptera 

Heptagoniidae 

Epeorus 

100 

43 

0 

0 

Ephemeroptera 

Heptageniidae 

Stenacron 

30 

0 

0 

0 

Ephemeroptera 

Heptageniidae 

Stenonema 

30 

14 

0 

0 

Ephemeroptera 

Isonychiidae 

Isonychia 

0 

14 

0 

0 

Ephemeroptera 

Leptophlebiidae 

Paraleptophldria 

90 

43 

0 

0 

Piecoptera 

Capniidae 

Capniidae 

10 

0 

0 

0 

Plecoptera 

Chloroperlidae 

Alloperla 

0 

14 

0 

0 

Piecoptera 

Chloroperlidae 

Haploperla 

30 

14 

25 

0 

Plecoptera 

Chloroperlidae 

Szoeltsa 

20 

14 

0 

0 

Piecoptera 

Leuctridae 

Leuctra 

90 

29 

25 

17 

Plecoptera 

Nemouridae 

Amphinmura 

100 

100 

88 

75 

Piecoptera 

Nemouridae 

Ostrocerca 

10 

0 

0 

0 

Plecoptera 

Nemouridae 

Prosfoia 

10 

43 

13 

0 

Plecoptera 

Peltoperlidae 

Pelioperla 

0 

29 

13 

8 

Plecoptera 

Perlidae 

Acrtmeiiria 

30 

29 

13 

8 

Plecoptera 

Perlidac 

Eccophira 

0 

0 

0 

8 

Plecoptera 

Perlidae 

Hansonoperla 

10 

0 

0 

0 

Plecoptera 

Perlodidae 

Oiopcrla 

0 

0 

0 

8 

Plecoptera 

Perlodidae 

Diphperla 

0 

14 

13 

8 

Plecoptera 

Perlodidae 

JsopeHa 

20 

29 

25 

25 

Plecoptera 

Perlodidae 

Malirekus 

10 

0 

0 

0 

Plecoptera 

Perlodidae 

Rcmemis 

30 

29 

0 

8 

Plecoptera 

Perlodidae 

Yugus 

60 

14 

0 

0 

Plecoptera 

Pleronarcyidae 

Ptcronarcys 

60 

43 

13 

0 

Plecoptera 

Taeniopterygidae 

Taetiionema 

0 

14 

0 

0 

Plecoptera 

Taeniopterygidae 

Taetiiopteryx 

10 

0 

13 

0 

Trichoptera 

Glossosomatidae 

Agapetus 

10 

0 

0 

0 

Trichoptera 

Glossosomatidae 

Ctossosoma 

0 

14 

0 

8 

Trichoptera 

Hydropsychidae 

Ceratopsyche 

10 

43 

38 

50 

Trichoptera 

Hydropsychidae 

Cheiimafopsychc 

0 

86 

88 

92 

TVichoptera 

Hydropsychidae 

Diplectrona 

80 

71 

75 

42 

TVichoptera 

Hydropsychidae 

Hydropsyche 

10 

57 

88 

67 

Trichoptera 

Hydroptilidae 

Hydroptila 

to 

0 

0 

8 

Trichoptera 

Hydroptilidae 

Ocbrotrkhia 

0 

0 

0 

8 

Trichoptera 

Hydroptilidae 

Stactobiella 

0 

0 

13 

0 

Trichoptera 

Lcpidostomatidac 

J^pidostoma 

10 

0 

0 

0 

Trichoptera 

Limnephilidae 

Pycnopsyche 

20 

0 

0 

0 

Trichoptera 

Philopotamidae 

Chimarra 

0 

29 

13 

33 

Trichoptera 

Philopotamidae 

Dolophilodes 

20 

43 

13 

8 

Trichoptera 

Philopotamidae 

Womtaldia 

20 

0 

0 

0 

Trichoptera 

Polycentropodidae 

Polycentropus 

30 

29 

13 

8 

Trichoptera 

Psychomyiidae 

Lype 

10 

0 

0 

0 

Trichoptera 

Rhyacophilidae 

Rhyacophiia 

70 

57 

50 

17 

Trichoptera 

Uenoidae 

Neophylax 

70 

71 

13 

8 
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Senator Cardin. I know that Secretary Huffman will be testi- 
fying later and he does call into question as to whether you have 
used broad-based scientific information or one study within the 
agency. I think you have already answered that. This is relying on 
broader scientific information than just one member of your staff. 

Mr. POMPONIO. Yes, it is. 

Senator Cardin. Thank you. Let me talk about the cumulative 
effect, because I think that is an extremely important point. You 
look at one application, you say, gee, you know, it is only a few 
acres, it does not seem like it could have that much of a long-term 
impact on the environment. 

But you talked in your statement about the cumulative effect 
that we now have. I think in one report it is 1,700, is it miles? I 
know it is a unit. I said in my opening statement, of streams that 
have been affected, we have found thousands of acres being af- 
fected and not just a few. Can you talk a little bit more about how 
you need to look at the cumulative impact that an application ap- 
proval might mean, if we continue at the current pace, what impact 
this has on the environment? 

Mr. PoMPONio. Yes. I am glad that you worded it that way. We 
need to look at the cumulative impact. I do not think that we have 
been doing a good job of doing that at all levels. 

We need to look at cumulative impacts for several reasons. One 
is that there is an integral relationship between the forest and the 
streams in the area. When you lose forest, you lose a lot of the ca- 
pacity of the streams to process and transfer the organic materials 
that feed the critters downstream. You lose the capacity of the for- 
est to cool the streams. You lose transpiration through the leaves 
to help attenuate flooding problems and those sorts of things. 

These little streams, which some people estimate represent 80 
percent of the water resource in the entire Country, are like cap- 
illaries in your blood system. They are what travel through the 
landscape, capture the pollutants, and clean those pollutants, 
through the microorganisms in the streams themselves and 
through sediment filtration in the stream bottom. And we frankly 
do not know where the tipping point is in losing 1 stream, 5 
streams, or even 18 streams in a particular watershed. So, our po- 
sition is that we need to do a better job with that cumulative im- 
pact assessment. 

In some of the watersheds in the region that I deal with, the 
footprint of the mining operations, mountaintop and other surface 
mining, encompass up to 20 to 30 percent of the watershed area. 
That, just to a lay person, would cause one to suggest that there 
needs to be some more rigorous opportunity to take a look at what 
that might mean. Downstream in the creek watershed I believe 
that upwards of half of the streams have been listed on the 303(d) 
list, which is a list of stream miles that do not necessarily meet 
water quality criteria and standards. 

So, as we look at all of these mines and as we look at them one 
by one, we have to ask ourselves, in a particular watershed, can 
the watershed be resilient enough, and have a carrying capacity in 
terms of natural attenuation of problems, to accept that one mine? 
Or can it not accept that one mine? I do not believe we know the 
answers to those questions, and I think we need to do a better job. 
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Senator Cardin. And let me ask you, last, on the issues of forest 
itself, you commented on the importance of the forest cover as it 
relates to the water quality and the environmental conditions gen- 
erally. We know that on mountaintop removal, the forest is basi- 
cally destroyed. 

My question is, after you have done mountaintop removal, is 
there an adequate remedial program that can compensate for the 
loss of the forest that was there previous to the mountaintop re- 
movals or adequate ways that we can try to compensate for this? 

Mr. PoMPONio. I think that is a two-part answer again. Practices 
in the past that involved compaction of the soil and the distribution 
of non-forest cover plants, did not necessary give one a lot of hope 
for a lot of quick or even mid-term forest recovery. 

I do not quite know about the future. There are different oper- 
ations now that are learning from the past. They are avoiding soil 
compaction and preserving topsoil, practices that were not common 
previously. I think it still has to be examined as to whether or not 
these methods will actually achieve reforestation. 

Senator Cardin. And I can appreciate that. I just raise an obser- 
vation, and that is we do not know where technology will take us. 
I am sure there are going to be remedial efforts that will be effec- 
tive in dealing with some of the damage that has caused. 

We do know the value of forest. We do know the values of vegeta- 
tion. Once that is destroyed, it puts you in a very difficult position 
to try to catch up. The remedial programs may help a little bit, but 
when you have eliminated that natural protection, for so many rea- 
sons to our environment, including our concerns about carbon emis- 
sions, it is difficult to see how you can have an effective policy. 

And the last point on this is runoff. When you flatten the land, 
you certainly make the runoff issues much more complicated to try 
to deal with, with sediment, et cetera. And toxics. It makes it ex- 
tremely challenging to figure out how the remedial programs could 
possibly compensate for the condition that was there before the re- 
moval. 

Mr. POMPONIO. I agree with that. 

Senator Cardin. Well, let me thank you for your testimony. We 
appreciate it very much. As I said in the beginning, this will be a 
continuing effort of our Subcommittee and I think you have given 
us a good start to our work. 

Thank you very much. 

Mr. POMPONIO. You are welcome. Thank you. 

Senator Cardin. We are going to start with the second panel. I 
believe we will be interrupted during that period. I am looking in 
my BlackBerry and it looks like there are votes called at about 4:10 
p.m. But why do we not get started with our second panel. 

On our second panel, we have Paul Sloan, the Deputy Commis- 
sioner of the Tennessee Department of Environment and Conserva- 
tion. Mr. Sloan oversees the Tennessee regulation of coal mining 
regulations. Tennessee prohibits the practice of valley fills and 
maintains a successful extraction industry. Mr. Sloan can also 
speak to the regulatory reforms on the coal industry that would re- 
quire better environmental protection. 

Randy Huffman is the Cabinet Secretary of the West Virginia 
Department of Environmental Protection. West Virginia’s Depart- 
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ment of Environmental Protection has oversight and regulatory au- 
thority of the valley fills associated with mountaintop mining sites 
in that State. 

Maria Gunnoe is a community organizer of the Ohio Valley Envi- 
ronmental Valley Coalition. Mrs. Gunnoe is a property owner in 
Lindytown, West Virginia, whose land has been impacted by the 
nearby mountaintop removal operations. She just received a pres- 
tigious 2009 Goldman Environmental Prize for organizing work in 
the coal fields. This prize is given to one person per continent per 
year. She has been the subject of several documentaries and is a 
frequent speaker and advocate for coal field communities. 

And Dr. Margaret Palmer, Laboratory Director, Chesapeake Bio- 
logical Laboratory at the University of Maryland Center for Envi- 
ronmental Sciences. I am particularly pleased that Dr. Palmer has 
joined us. She is well respected in our State of Maryland. The 
broad objective of Dr. Palmer’s research is to understand what con- 
trols streams, ecosystems, structures and functions. She specifically 
focuses on restoration ecology and how land use, hydrology and 
geopathology influence the health of running water ecosystems. Dr. 
Palmer is considered an international expert on freshwater sys- 
tems. 

And with that, we will start with Secretary Sloan. 

STATEMENT OF PAUL L. SLOAN, DEPUTY COMMISSIONER, 

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CON- 
SERVATION 

Mr. Sloan. Chairman Cardin and Members of the Subcommittee, 
thank you for the opportunity you have given me to testify this 
afternoon. I am Paul Sloan, Deputy Commissioner of the Tennessee 
Department of Environment and Conservation. 

Coal mining in Tennessee is best considered in the context of the 
rich cultural and natural heritage of the Cumberland Plateau, 
which is part of a 37 million eco-region stretching some 500 miles 
through six states, a region said to be the largest temperate hard- 
wood plateau in the world. 

In Tennessee, the plateau stretches from the Alabama border 
northeast to the Kentucky and Virginia borders. Its watersheds 
drain to the east and west, into the Tennessee River and the Cum- 
berland River, and include significant portions of our 60,000 miles 
of rivers and streams in Tennessee. These two major watersheds 
contain some of the most biologically diverse freshwater streams 
found anywhere in the United States. 

Roughly 600,000 acres of the plateau in Tennessee are public 
lands. Over 600 miles of State scenic highways thread this land- 
scape, connecting more than 80 State and Federal parks, rec- 
reational, natural and wildlife management areas, as well as the 
Obed and National Wild and Scenic River and the Big South Fork 
National River and Recreation Area. 

In short, the Cumberland Plateau is an invaluable resource, a 
gem for public recreation and ecological diversity. 

Coal mining on the plateau has been conducted since the early 
1800s. Much of the estimated 50,000 acres of pre-1977 unregulated 
mining has left a legacy of abandoned mine lands that pose ongo- 
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ing health and safety risks as well as water pollution from sedi- 
ment and acid mine drainage. 

Approximately 3 million tons are mined per year in Tennessee, 
significantly less than our sister States, West Virginia, Alabama, 
Kentucky and Virginia, and well below our own peak of 11 million 
tons per year in the early 1970s. 

For the past 25 years, mining oversight in Tennessee is under 
SMCRA and has been administered not by the State, but by OSM. 
The State implements the Federal Clean Water Act as well as the 
Tennessee Water Pollution Control Act, which provides that the 
waters of the State are a public trust, that the people of Tennessee 
have a right to unpolluted waters, and that the government has 
the obligation to protect that right. 

In our implementation of the Federal and State mandates, Ten- 
nessee does not permit burial of streams for valley fills. There is 
neither sufficient social nor economic justification for such unalter- 
able environmental and ecological insults. In Appalachia, moun- 
taintop removal and water quality are incompatible. 

Tennessee Governor Phil Bredesen recently signed into law a Re- 
sponsible Mining Bill that codifies our requirement that all mining 
must maintain a 100 buffer foot on either side of all un-mined 
streams and prohibits mining of coal seems that have a high acid- 
bearing overburden, without demonstrated technology capable of 
properly handling such materials. 

We very much support the purpose and intent of the Appalachian 
Restoration Act to prohibit filling streams with waste materials 
from coal mining and to bring nationwide consistency to this issue. 
We also support the intent of the Clean Water Restoration Act to 
bring consistency and clarity to what are Federal jurisdiction wa- 
ters in the first place. 

Responsible mining is possible in Appalachia. But only if the reg- 
ulatory oversight and management are guided by the most current 
information available in order to consistently avoid unnecessary 
impacts. This is why Governor Bredesen has requested OSM to do 
an environmental impact statement in regard to Tennessee coal 
mining. The goal of this request is to have a rigorous, objective 
analysis of all impacts of coal mining on Tennessee’s economy, as 
well as the environment. 

For the same reason, we applaud the recent MOU among EPA, 
the Corps and Interior, calling for an interagency action plan to re- 
duce unnecessary environmental impacts. In support of these ef- 
forts, we hope Interior’s Fish and Wildlife Service will revisit the 
1996 biological opinion on consultation under the Endangered Spe- 
cies Act, and that EPA will update its 1985 effluent guidelines for 
mining operations. 

In closing, I want to restate my appreciation to the Sub- 
committee for taking up this issue. As stewards of the public trust, 
both Federal and State government have a high duty to resource 
protection in the mountains of Appalachia. So it is my hope that 
Appalachian mining practices will be limited to those known to be 
compatible with preserving the mountains and streams of this ex- 
traordinary area. 

Thank you, sir. 

[The prepared statement of Mr. Sloan follows:] 
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TESTIMONY OF 
PAUL L. SLOAN 
DEPUTY COMMISSIONER 

TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 

BEFORE THE 

COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
SUBCOMMITTEE ON WATER AND WILDLIFE 
U.S. SENATE 

JUNE25,2009 

Chainnaii Cardin, Ranking Member Crapo and members of the Subcommittee, thank you 
for inviting me to speak to you today on the subject of the impacts of mountaintop 
removal coal mining on water quality in Appalachia. I am Paul Sloan, Deputy 
Commissioner of the Tennessee Department of Environment and Conservation. I am 
Paul Sloan, Deputy Commissioner of the Tennessee Department of Environment and 
Conservation and Director of its Bureau of Environment. 

I will address the topic by covering five areas: 

• coal mining in Tennessee including the nature of the coal reserves and the 
methods of coal mining; . 

• the natural resorrrces in the area in which our coal reserves are located; 

• the potential pollutants and impacts of coal mining; 

• some of the regulatory practices we have used in Tennessee to allow responsible 
minmg of coal while protecting the environment; and 

• our recommendations. 


Coal mining in Tennessee 

Historically, coal mining has occurred in 22 of Teimessee’s 95 counties, on the 
Cumberland Plateau and the Cumberland Mountains. The area stretches from our 
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Alabama border to our Kentucky- Virginia border,, west of Chattanooga, and west and 
north of Knoxville.' Mining began in Teimessee in the early 1 800’s and ^aduaUy 
increased until eight million tons per year were mined during World War 11. After hitting 
a high of 1 1 million tons per year in 1972, mining in recent years has been less than 3 
million tons per year, significantly less than Kentucky, Virginia, and West Virginia. Coal 
mining now is mainly occurring in 4 Tennessee counties: Anderson, Scott, Campbell and 
Claiborne. One estimate of the recoverable coal reserves in Tennessee is 470 million 
tons.^ 

We recognize the importance of coal as an energy source. Approximately sixty percent 
of the electricity supplied to our region by TVA derives from coal. The coal industry 
provides well-paying jobs in some rural counties that are currently experiencing high 
rates of rmemployment. Coal is mined both in surface and underground mines. Surface 
mine operations are of three types: area or pit mines, contour mining, in which coal is 
removed from the side of a mountain by making a bench cut following the contour 
around, and cross-ridge mining. Cross-ridge mining occurs at the top of a mountain, 
where the coal seam is accessed by removal of the mountain top. The rock and other 
material that is over the coal seam, or “overburden” is deposited as spoil material in fills 
on old mining benches and in head-of-hollow fills and used to return the top of the 
mountain to the approximate original contour after removal of the coal. 

Since the mid-1980’s, Teimessee has not administered the Surface Mining Control and 
Reclamation Act (SMCRA). Instead, the federal Office of Surface Mining (OSM) issues 
coal mining permits in Tennessee. The Department of Environment and Conservation 
(TDEC or the Department) does, however, administer the National Pollutant Discharge 
Elimination System (NPDES) program under the federal Clean Water Act. Therefore, 
xmder EPA oversight, we issue discharge permits to coal minin g operations, as we do for 
all other industries as weh as municipalities and others. The Department has 1 18 current 
NPDES permits for coal operations, including active and inactive sites. Of these, 34 are 

‘ The Energy Information Administration of the Department of Energy publishes coal proBles of the states. 
The Tennessee coal profile published in 1992 is attached. 

^ Two m^s of the coal fields contrasting historic and recent mining are attached. 
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underground min es, 81 are surface mines, and 3 are surface and underground. The 
surface acreage affected by mining at both surface and underground mines is 
approximately 20,000 acres. Cross-ridge mining accounts for less than 500 acres. 

As noted above, Tennessee now produces less coal from a smaller geographic area than 
was the case prior to the enactment of SMCRA in 1977. Pre-1977 unregulated mining 
has left Tennessee with a significant legacy of abandoned mine lands (AML). Fourteen 
thousand acres have been identified as impacted by pre-1977 mining and in need of 
reclamation. Of that, 4,400 acres have been successfully reclaimed, and 9,600 acres 
remain in need of reclamation. We appreciate the recent reauthorization of the AML 
program by Congress. Under it, we are scheduled to receive sufficient funds for the 
reclamation of the 1,900 acres that pose a health and safety risk (known as Priority 1 and 
2 sites these are such things as landslides, pits and highwalls). We have not, however, 
identified a funding source for the rem ainin g 7,700 acres that are causing environmental 
impacts (these are typically water pollution from high sediment or acid discharges). 

The Natural Resources of the Cumberland Plateau and Cumberland Mountains 

The area in which the coal reserves are located is a very special one. Some of the natural 
resources there are globally rare. The Cumberland Plateau is a relatively flat area 
approximately 1000 feet higher than the surrounding land and the river valleys that cut 
into it, with some mountains rising another 1000 feet. The Cumberland Mountains are an 
area in the northern part of the state, adjacent to the Plateau to the east where erosion over 
geologic time has resulted in mountains separated by river valleys. Since these two areas 
are some of the highest land in the east-central part of the state, they comprise the 
headwaters of many of our rivers, including the Sequatchie River, the Collins River, the 
New River and the Big South Fork of the Cumberland River (designated an Outstanding 
National Resource Water) and the Obed River (a National Wild and Scenic River) as well 
as the main stems of the Clinch and Powell Rivers after they have flowed into Tennessee 
from Virginia. 
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The U.S. Fish and Wildlife Service has listed as endangered species some of the fresh 
water mussels in the Big South Fork, the Clinch River and the Powell River. The Clinch 
and Powell may have more endangered mussel species than any other streams in North 
America, according to EPA and many other experts. Protecting the Clinch and Powell 
Rivers is the subject of an ongoing collaborative effort among EPA Region III, EPA 
Region IV, the Virginia Departments of Environmental Quality and Mines, Minerals and 
Energy and our Department, as well as scientists from other agencies and NGOs.^ 

The first sentence of the June 1 1 Memorandum of Understanding regarding surface 
mining among EPA, the Department of Interior and the U.S. Army Corps of Engineers 
states, “The mountains of Appalachia possess unique biological diversity, forests, and 
freshwater streams that historically have sustained rich and vibrant American 
communities.” This is certainly tme of the Cumberland Plateau and the Cumberland 
Mountains. The unique ecosystems of this area have made it a focus of The Nature 
Conservancy and the World Wildlife Fund.'' 

For context, coal mining in Tennessee must be considered within the rich cultural 
and natural heritage of the Cumberland Plateau where it is conducted. The greater 
Cumberland Plateau and Mountains region is a part of an eco-region that comprises 37 
million ^res, stretches approximately 500 miles through portions of 6 states (AL, GA, 
TN, KY, WV, and VA) - a region said to be the largest temperate hardwood plateau in 
the world and a valued habitat for declining neo-tropical migratory bird species such as 
the Cerulean Warbler. 

Within our state, the Plateau stretches from the Alabama boarder northeast to our 
KYWA boarders - its watersheds drain to the east and west into the Tennessee River and 
the Cumberland River and include a significant portion of the more than 60,000 miles of 
our rivers and streams. These two watersheds contain some of the most biologically 
diverse freshwater streams in the United States. 

In Tennessee, approximately 600,000 acres of the Plateau are a part of a diverse 
portfolio of public lands. Oyer 600 miles of State Scenic Highways thread this landscape 
that includes 16 State Parks, 16 State Natural Areas, 8 State Forests, 3 1 State Wildlife 


^ A copy of the MOU establishing the group is attached. 

■* See attached Fact Sheet about the Cumberland Plateau and Mountains for more detail. 
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Management Areas, 7 National Natural Landmarks, the Obed National Wild and Scenic 
River, and the Big South Fork National River and Recreational Area. These public lands 
include over 100 waterfalls (including Fall Creek Falls - the highest in eastern US) and 
the nation’s highest concentration of natural arches - 107 identified on public lands). In 
short, it is an invaluable resource for public recreation and ecological diversity. 

The federal and state owned lands in the region of current or recent coal mining include: 
Cumberland Mountain State Park; 

Fall Creek Falls State Park; Frozen Head State Park; 

Justin P. Wilson / Cumberland Trail State Park; 

Pickett State Park; Catoosa Wildlife Management Area 
North Cumberland Wildhfe Management Area 
(with its Sundquist, Royal Blue, and New River Units) 

Pickett State Forest 

The Big South Fork National River and Recreation Area. 

In 2007, the State of Tennessee under Governor Phil Bredesen’s leadership, acting in 
concert with The Nature Conservancy and some private companies, made the largest 
purchase of public land in Tennessee since the Great Smoky Mountain National Park, in 
the North Cumberlands. This acquisition, valued at $135,000,000 (State’s portion was 
$82 million) brought public conservation benefits to more than 127,000 additional acres 
in the northern Cumberland Plateau. 

The potential pollutants and impacts of coal mining 

Coal mining operations have die potential to cause pollution of streams through: 

• discharging sediment, whether measured as suspended solids or settleable solids; 

• discharging metals, including iron and manganese; 

• discharging low pH or acidity; 


5 



60 


• physical alterations, including burying streams with fill material, losing streams to 
the subsurface as a result of blasting, as well as other alterations of the bed or 
banks of streams; and 

• alterations of flow regimes as a result of temporary or permanent changes.to the 
watershed. 

The &st three are discharges of pollutants that are addressed by EPA’s effluent 
guidelines promulgated for the coal mining industry at 40 CFR, Part 434. These 
guidelines form the basis for permit limitations in the NPDES permits we and other 
regulators issue to the coal industry. As mentioned more below, the requirements of 
these rules are largely unchanged since 1985 and are probably due for review. 

The fourth category of impacts listed above is regulated under section 404 of the Clean 
Water Act as well as tmder SMCRA. In recent years, scientists have been documenting 
the fifth item above in various contexts,' including coal mining. Streams are impacted by 
changes in land use in the watershed above them. Although there is growing scientific 
recognition of this fact, such actions are generally not regulated under the Clean Water 
Act (construction activity is an exception). 

Tennessee’s Regulatory Approach 

Now I will turn to the regulatory system in Tennessee and to certain practices we have 
followed in regard to coal mining. In addition to the NPDES permits mentioned above, 
our Department issues permits under state law for activities that cause alterations of 
streams or wetlands.^ We issue both individual and general permits for these activities.* 
When an individual permit is required by the Corps of Engineers under section 404, our 
permit is our certification under section 401. This system allows us to have enforcement 
authority distinct from that of the Corps for our permit/certification. 


’ See T.C.A. §69-3-108 

‘ See Rules at 1200-4-7 which are accessible at: httD://state.tn.u.s/so.s/mles/1200/1200-04/1200-04-07.Ddf 
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For many years, the Department has declined to issue permits under state law for coal 
operators to mine through streams not impacted by previous mining or to bury streams 
under waste material, based on the concept that those discharges constitute impermissible 
pollution of the streams and there are reasonable alternatives available. Therefore, 
mountaintop removal mining is not practiced in Tennessee as it is in the other 
Appalachian states. We and OSM have issued permits for cross-ridge mining, as I have 
described. In the current legislative session, the Tennessee General Assembly enacted a 
bill proposed by the Governor (HB 2300, which became Public Chapter 289^) that 
codified these prohibitions in Tennessee’s Water Quality Control Act We understand 
the purpose and intent of the Appalachia Restoration Act (S. 696) is to prohibit filling 
streams with the waste materials from coal mining. This would be consistent with at least 
one part of our approach in Tennessee. We would applaud Congress bringing nationwide 
consistency to this area by enacting such legislation. 

Because of our prohibition on mining through streams and burying streams under waste 
material, GSM’s Tennessee office did not issue variances from the old stream buffer zone 
requirement in its rules prior to the December 2008 rule change. In this context, I would 
note that, although we applaud Secretary Salazar’s move to do away with the 2008 
revision to the stream buffer zone in the pending litigation,' this is not enough. Under the 
old rule, it was the common practice both of OSM and the states that have primacy under 
SMCRA outside Tennessee to grant variances to the buffer zone requirement. This is 
why OSM was able to state in its rationale for the 20O8 change that the new rule would 
not result in a significant increase in streams segments being buried. 

Recommendations 

In Tennessee, much of the current mining occurs in areas that are in or near the 
headwaters of streams. Having clarity as to what waters are protected by the Clean Water 
Act is critical in this regard. The Supreme Court decisions in the cases of Rapanos v: 

U.S., 507 U.S. 715 (2006) and S'ohW Waste Agency of Northern Cook County v; Army 

’copy attached. 
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Corps of i:ngineers, 531 U.S. 159(2001) have broug|it much uncertainty to the 
application of the Clean Water Act to headwater streams and wetlands. We strongly 
support the Clean Water Restoration Act (S. 787) and its goal of restoring the approach 
used by EPA and the Corps of Engineers for many years prior to those decisions. Just as 
the circulatory systems in our bodies rely upon the healthy functioning of billions of 
capillaries, the nation’s rivers and streams will not be healthy unless the headwaters are 
protected. 

On September 24, 1996, the U.S. Fish &Wildlife Service issued a Biological Opinion 
under section 7 of the Endangered Species Act (ESA) in regard to coal mining. Rather 
than evaluate the impacts of a particular operation on a particular species, this opinion 
simply concluded all decisions of OSM and authorized states under SMCRA wOl be 
protective of any listed species. SMCRA is based on a balancing of environmental and 
economic factors in its effort to regulate coal mining while the ESA seeks to, protect 
endangered species, such as the fresh water mussels in the Clinch and Powell Rivers. 

The opinion seems to assume that the purposes of the two acts are the same. It is my 
understanding that the opinion has also created some confusion about the level of 
deference FWS offices are to give to decisions based on SMCRA. For all of these 
reasons, the 1 996 Biological Opinion should be reviewed and reconsidered. 

In 2006, Governor Bredesen sent a letter to the former direetor of OSM requesting that 
they do a thorough study and an Envhonmental Impact Statement (EIS) in regard to the 
coal mining program in Tennessee.® The goal of this request was to have a rigorous, 
objective analysis of all of the impacts of coal mining on the environment as well as its 
contribution to the eeonomy. Another economic issue that deserves study is whether the 
people of the Cumberland Plateau and Cumberland Mountains would be better served by 
the economic benefits of tourism than by those types of coal mining that put the critically 
important natural resources of the region at risk. As well as updating the EIS that was 
done when OSM took over the program, nearly 25 years ago, a new EIS could 
comprehensively evaluate all environmental impacts including those that are outside the 

* Copies of the Governor’s letter and an accompanying letter front the Department are attached. 
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jurisdiction of the Department. The areas of needed study include firagmentation of 
terrestrial habitat, the cumulative impacts of many coal operations, and consideration of 
impacts on threatened and endangered species, including those that have been listed since 
the prior EIS. The changes in population and public land in the last 25 years should also 
be considered. We continue to hope that such a study will be made. 

The adequacy of these effluent guidelines at 40 CFR Part 434, which are largely 
unchanged since they were adopted in 1985, is a subject which EPA should consider. 

One example is that these rules include a provision that the discharge does not have to 
meet the otherwise applicable standards in the event of an unusually heavy rain. This sort 
of exemption firom requirements is not included in the more recently adopted 
requirements for discharges of storm water from construction sites. Also, much has been 
learned recently about other metals, including mercury and selenium. EPA should 
consider whether any coal related operations should have limits for other metals besides 
iron and manganese. 

In closing, we want to urge this subcommittee and the entire U.S. Congress to take action 
that would bring national consistency to the area of protecting the waters of the United 
States while allowing responsible coal mining to occur. The intent and purpose of the 
Appalachia Restoration Act (S. 696), prohibiting valley fills, is one such step. Passing 
the Clean Water Restoration Act is also critical to protect headwater streams. A 
prohibition on burying streams would not protect headwater streams if it only applies to 
larger creeks and rivers, because of the restrictive definition resulting from those 
Supreme Court cases. We need to restore the protection of our primary water law, the 
Clean Water Act, to our precious Appalachian streams. 
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State Coal Profile: Tennessee 


Coal is the leading mineral fuel produced in Tennessee. 
The coal output in 1992 accounted for about 10 percent of 
the total estimated value of all mineral commodities 
produced in the State, 

Tennessee's coalfields, located in the eastern part of the 
State, are part of the Appalachian coal region. The coal- 
bearing area covers a northeasterly trending belt rarnging 
from 50 to 70 miles in width. All the coal is bituminous in 
rank. Some of it can be converted into metallurgical coke, 
but none is currently produced for this purpose. Although 
about 12 coalbeds were mined in 1992, production was 
largely from the Sewanee, Beach Grove, and Jeilico beds, 
which average 3 to 4 feet in thickness. 

The first recorded use of coal in Tennessee was in 1814, 
when coal was mined by blacksmiths for forging iron near 
what is now Rockwood, in Roane County. Most of the 
early efforts to mine Tennessee coal commercially were 
unsuccessful because of transportation difficulties and 
lack of steady demand. The arrival of the railroads in the 
Tennessee coalfields provided a two-fold impetus to mine 
coal. In addition to tran.sporting coal to distant markets, 
the railroads were also consumers of coal. Following the 
completion of the Tennessee Central Railway in the early 
1900’s, production rose almost steadily through World 
War I, reaching nearly 7 million short tons. 

After a setback due partly to the Depression and the 
devetopment of hydropower in the State, production 
expanded to about 8 million short tons during World War 
n. The postwar coal industry, however, experienced a loss 
of two of its major markets. Coal once widely used for 
space heating was replaced by oil and gas, and coal-fired 
locomotives were phased out by diesel-electric engines. 
These losses were later offset as coal demand increased 
when tile Tennessee Valley Authority (TVA) constructed 
a series of coal-fired power plants in the State. As a 
result, coal output rose 


to a record 11 million short tons in 1972. Since then, 
however, Tennessee's coal production has been trending 
downward, as the output from surface mines has fallen 
due to the high cost of working thin, discontinuous 
coaH^eds under thick overburden. The State's coal output 
dropped to 3 million short tons in 1992. 

Underground mines have been the major source of coal 
production in Tennessee. Before 1938, all coal produced in 
the State was from underground mines. The output from 
surface mines gained importance after World War II. In 
1992, the leading source of coal was the Underground No. 
6 mine of Cross Mountain Coal, Inc., in Campbell County. 
Tennessee's leading coal-producing counties were 
Campbell and Sequatchie. 

About two-thirds of the coal shipped from Tennessee's 
mines in 1992 was used to generate dectricity, and the rest 
was mostly for other industrial use. Nearly 60 percent of 
the coal distributed remained in the State. Most of the 
dtipments out of Tennessee went to Alabama, and a small 
amount was exported. 

More than 80 percent of the 24 million short tons of coal 
consumed in Tennessee was used to generate electricity. 
About three-fourths of this coal was from Kentucky; 
Tennessee's mines supplied about 6 percent of the total 
The largest coal-fired power plant in Tennessee is TVA’s 
2,494-megawatt Cumberland plant, in Stewart County. 
The leading coal consumer in the industrial sector was 
Tennessee Eastman Company, a unit of Eastman 
Chemicals Division of the Eastman Kodak Company, 
located in Kingsport. The company's coal gasification 
plant, in operation since 1983, is one of three commercial 
coal gasification plants in the United States. This coal 
gasification plant uses coal as a feedstock to manufacture 
acetic anhydride, used in the production of cellulose 
acetate for photographic film base. 
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Demonstrated Reserve Base: 

(January 1, 1992) 

Estimated Recoverable Reserves: 
(January 1, 1992) 

Sulfur Content (pounds per million Btu) 

<0,61 (low sulfur) 

0.81-1,67 (medium sulfur) 

> 1.67 (high suHur) 

Total 

Estimated Recoverable Reserves 
at Active Mines, Year-End 1992 
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Tennessee 


Total 

Quantity (thousand short tons) 

Mines 

Miners 

Productivity (short tons per miner per hour) 
Average Mine Price (dollars per short ton) . 


9,850 7,446 

117 118 

3,615 2,822 

1.36 1.51 

27.54 28.54 


6,193 4,290 

06 72 

1,697 1,242 

1.81 1.08 

27.96 26.74 


3.476 

50 

804 

2.19 

27.11 
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Tennessee 


Number of Mines bv Production Ranqe and Percent of Production, 1992 


Production Range 

thousand short tons) 



500 to 999 

100 to 499 

<100 


Number i Pem«il 

Nurriier ! Percent 

Number 1 Percent 

Number I Percent 


Underground 0 0 1 37 4 29 32 34 

Surface 0 0 0 0 5 85 8 15 

A« Mines 0 0 1 22 9 52 40 26 


Coal Demand 



Consumptiort (thousand short tons) 


Electric Utilities 21,679 20,853 20,814 19,216 20,263 

Coke Plants W W W W 0 

Other Industrial W W 3.779 3.702 3,682 

Residential and Commercial W W W W 157 

Total 24,496 25,105 24.878 23,107 24,102 

Year'End Utility Stocks 

(thousand short tons) 9,200 3,846 3,596 3,148 3,016 

Electricity Generation 

Total (million kilowatlhours) 60,211 66,581 73,903 73,932 75,395 

Coal (percent) 84 75 68 63 66 

Nuclear (percent) 1 15 19 22 21 

Other (percent) 15 10 13 15 13 


Utility Coal Data, 1992 

AversH Quality and Avereoe Delivered Cost I Produced In Stat* 


Receipts, All Sources 


Heat Content (million Btu per short ton) 

Sulfur Content (percent by weight) 

Ash Content (percent by weight) 

Pounds of Sulfur per million Btu 

Dollars per million Btu 

Dollars per short ion 


25.34 

1.39 

9.63 

1.10 

1.33 

33.63 


24.36 

2.02 

8.31 

1.66 

1,27 

31.01 
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Tennessee 


Estimated Total State Energy Consumption, 1991; 1,747 trfliion Btu (coal, 566; natural gas, 235; petroleum, 567; nuclear electric power, 178; hydroelectric 
power, 109; other, 0; net interstate flow of electricity and associated losses, 93. 


W = Withheld to avoid disclosure of individual company data. 

Notes: Data coverage — Production; all mines. Number of mines; 1980, mines that produced 10,000 short tons or more; other years, all mines. Number of 
miners and productivity: mines that produced 10,000 or more short tons and preparation plants tiiat had 5,000 or more employee hours. Average mine price; mines 
that produced 1 0,000 or mors short tons. Average quality and average delivered coat of utility coal: power plants with a generator nameplate capacity of 50 
megawatts or more. Totals may not equal sum of components because of ind^iendent roundtng. Extent of coal-bearing areas and locations of coal-consuming plants 
shown on map are approximate; small coal deposits are not shown. Coal-producing counties shown on map exclude any county where all 1 992 output was from mines 
producing less than 10,000 short tons. Coal receipts are based on distribution data and may rrat have actually been received during the year. 

Sources: Energy Information Admir^istration — U.S. Coat Reserves: An Update by Heat and Sulfur Conteni February 1993; Coal Production 1992 and prior issues; 
Coal Data: A Reference; Quarterly Coal Report Octaber-December f932and prior issues; Bectric Power Annual 1991 and prior issues; Electric Power Monthly, March 
1993; Costand Quality of Fuels for Electric Power Plants 1992; InverttoryM Power Plants in the United States 1992; State Ertergy Data Report 1991: Consumption 
Eslimatee, Map of coal-beartng areas is based mainly on U.S. Gedo^cal Survey map, Coaffields of the United Stales, 1960. Data for historical graph 1890-1975, U.S. 
Department of the Interior, Geological Surrey and Bureau of Mines {Mineiafs Yeaibook attd annual predecessor Mineral Resources of the United States); 1976 forward. 
Energy Information Administration, Coal Production 1992 and prior issues. 
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Destination of Coal Produced in Tennessee, 1992 

(Million Short Tons) 



Transportation modes, domestic markets (percent); rail, 60; water, 24; truck, 14; unknown, 2. 

Note: Total may not equal sum of components because of independent rounding. 

Source; Energy Information Administration, Form EIA-6, "Coal Distribution Report." 
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Origin of Coal Received in Tennessee, 1992 

(Million Short Tons) 


'Af QuantilyislessItoO.t mliion^tirttons. 


Note: Total may not equal sum of components because of independent rounding. 
Source: Energy Infonnation Administration, Form EIA-6, "Coal Distribution Report." 



Energy Informatron Administration/ State Coei Profiles 


89 





72 


MEMORANDUM OF UNDERSTANDING 
AMONG REGIONS III AND IV OF THE UNITED STATES ENVIRONMENTAL 
PROTECTION AGENCY, THE TENNESSEE DEPARTMENT OF 
ENVIRONMENT AND CONSERVATION, THE VIRGINIA DEPARTMENT OF 
ENVIRONMENTAL QUALITY, AND THE VIRGINIA DEPARTMENT OF 
MINES, MINERALS, AND ENERGY CONCERNING THE CLINCH AND 
POWELL RIVERS 


Introduction 

This Memorandum of Understanding (MOU) in regard to the Clinch and Powell Rivers 
in Virginia and Tennessee is executed by Regions III and IV of the United States 
Environmental Protection Agency (EPA), the Tennessee Department of Environment and 
Conservation (TDEC), the Virginia Department of Environmental Quality (DEQ), and 
the Virginia Department of Mines, Minerals, and Energy (DMME), also known as the 
(Parties). It establishes a working group for coordinating the efforts of, and enhancing 
communication among, the signatories to protect and restore the Clinch and Powell 
Rivers. These five agencies have the responsibility for administering the Clean Water 
Act (the Act) and the conesponding state laws in Tennessee and Virginia. There are also 
many other governmental agencies and non-govemmental environmental and 
conservation organizations that have demonstrated an interest in and commitment to 
these two rivers. It is the intent of the signatories to continue to work with such other 
organizations to accomplish common goals. 

The Clinch and Powell Rivers originate in the mountainous teirain of southwestern 
Virginia and flow in a southwesterly direction into Tennessee eventually flowing into the 
Tennessee River. The watershed historically has contained one of the most diverse fish 
and mussel assemblages in North America. A number of studies have documented the 
decline in the mussel populations in the Clinch and Powell Rivers, both before and since 
the passage of the Act. Both rivers support populations of federally threatened and 
endangered fish sftecies and segments of both rivers have been designated as critical 
habitat for certain endangered fish and mussel species. The rivers and their mussels and 
fish are impacted hy a number of human activities in the watershed including coal mining 
and processing, agriculture, urbanization and the development of transportation corridors. 
As the government agencies charged with administering the Act, our agencies have a 
critical role in addressing these issues. 

The tasks to be accomplished are both scientific and regulatory in nature. Further 
scientific research is required to determine the pollutants, disease and/or habitat 
destruction involved, the way in which they impact aquatic life, and the best methods of 
treatment or prevention. Regulatory decisions to be made under the Act include, among 
others, the status of the rivers under Section 303 of the Act, any necessary Total 
Maximum Daily Loads to be developed, appropriate permit conditions, and appropriate 
reclamation priorities. Through coordination and communication on all of these and 
other efforts regarding the rivers, the signatories can provide for more efficient use of 
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resources, reduced costs, and reduced time required to take appropriate action to protect 
and preserve the rivers. 


The Working Group 

The signatories agree to establish a Working Group to coordinate actions of and facilitate 
communications among the signatories in regard to the Clinch and Powell Rivers. These 
shall include, but not be limited to: 

(a) Discussing the need for, as well as coordinating and providing a focus for 
any further scientific research in regard to the causes of mussel population 
decline; 

(b) Designating the watersheds as worthy of patticular focus for attention and 
resources through such means as the Region III and Region IV approaches 
of “healthy waters” and “priority watersheds;” 

(c) Maximizing to the extent possible the use of Abandoned Mine Land Funds 
for reclamation and restoration projects that significantly enhance water 
quality in the watersheds; 

(d) Developing an integrated database of all point source, biological and non- 
point source, monitoring data covering both states; 

(e) Developing specific action plans, as needed; 

(f) Working together to implement follow-up actions suggested at the 
Abingdon Symposium held on September 5-7, 2007; 

(g) Working toward developing potential new best management practices or 
other regulatory measures to control sources of pollutants; 

(h) Working toward developing ways of incorporating information from 
studies on mussels by qualified experts into the assessment protocols of 
EPA and the states; and 

(i) Identifying possible funding sources for all of the foregoing efforts. 

The Working Group shall also coordinate efforts with the otlier governmental and non- 
governmental organizations actively involved in work to protect and restore the rivers. 

General 

This MOU is intended solely as a framework for the Working Group and does not create 
any rights, either substandve or procedural, enforceable by any party. This document 
does not, and is not intended to, impose any legally binding requirements on federal 
agencies, states, or the regulated public, and does not restrict the authority of the 
employees of the signatory agencies to exercise their discretion in each case to make 
regulatory decisions based on their judgment about the specific facts and application of 
relevant statutes and regulations. This MOU does not necessarily commit the Parties to 
this MOU to joint action on each of the enumerated items set out under the Working 
Group Section of this MOU. 
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Nothing in this MOU is intended to diminish, modify, or otherwise affect statutory or 
regulatory authorities of any of the signatory agencies, or relieve any party to this MOU 
of their obligations under federal or state law. All of the signatories will be given the 
opportunity to consult on and jointly issue any formal policy statements and work 
product arising from this MOU. 

Nothing in this MOU will be construed as indicating a financial commitment by the EPA, 
TDEC, DEQ or DIvIME for the expenditure of funds except as authorized in specific 
appropriations and, as appropriate, through a validly issued contract, grant, or 
Interagency Agreement. Any agency may withdraw from the MOU at any time by 
providing written notice to the other agencies. In the event one agency temiinates its 
participation, the MOU will remain in effect for the other agencies. 

This MOU may be signed seriatim and will take effect on the date of the last signature 
and will continue in effect for 10 years, or unless earlier modified or revoked by 
agreement of all signatory agencies. Modifications to this MOU may only be made by 
mutual agreement of all the signatory agencies. Modifications to the MOU must be made 
in writing. 


Donald S. Welsh, Regional Administrator 
Region III 

The U.S. Environmental Protection Agency 






■JtJL.Palmer, Jr., Regional Adn 
Region IV 

The liS, Environjnental Protection Agency 




Paul L, Sloan, Deputy Commissioner 
Tennessee Department of 
Environment and Conservation 


Date 



/~7 - / W - ^7 

Date 


David K. Paylor, Director Date 

Virginia Department 
of Environmental Quality 
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Nothing in this MOU is intended to diminish, modify, or otherwise affect statutory or 
regulatory authorities of any of the signatory agencies, or relieve any party to this MOU 
of their obligations under federal or state law. All of the signatories will be given the 
opportunity to consult on and jointly issue any formal policy statements and work 
product arising from this MOU. 

Nothing in this MOU wall be construed as indicating a financial commitment by the EPA, 
TDEC, DEQ or DMME for the expenditure of funds except as authorized in specific 
appropriations and, as appropriate, through a validly issued contract, grant, or 
Interagency Agreement. Any agency may withdraw from the MOU at any time by 
providing written notice to tlte other agencies. In the event one agency terminates its 
participation, the MOU w'ill remain in effect for the other agencies. 

This MOU may be signed seriatim and will take effect on the date of the last signature 
and will continue in effect for ten years, or unless earlier modified or revoked by 
agreement of all signatory agencies. Modifications to this MOU may only be made by 
mutual agreement of all the signatory agencies. Modifications to the MOU must be made 
in writing. 

Donald S, Welsh, Regional Administrator 
Region III 

The U.S. Environmental Protection Agency 


J. I. Palmer, Jr., Regional Administrator Date 

Region IV 

The U.S. Environmental Protection Agency 


Paul L. Sloan, Deputy Commissioner Date 

Tennessee Department of 
Environment and Conservation 


DEC 1 1 2007 

Date 




David K. Payior, Director 
Virginia Department 
of Environmental Quality 


Date 
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Nothing in this MOU is intended to diminish, modify, or otherwise affect statutory or 
regulatory authorities of any of the signatory agencies, or relieve any party to this MOU 
of their obligations under federal or state law. All of the signatories will be given the 
opportunity to consult on and jointly issue any fonnal policy statements and work 
product arising from this MOU. 

Nothing in this MOU will be construed as indicating a financial commitment by the EPA, 
TDEC, DEQ or DMME for the expenditure of ftinds except as authorized in specific 
appropriations and, as appropriate, through, a validly issued contract, grant, or 
Interagency .Agreement, .Any agency may withdraw from the MOU at any time by 
providing written notice to the other agencies. In the event one agency terminates its 
participation, the MOU will remain in effect for the other agencies. 

This .MOU may be signed seriatim and wifi take effect on the date of the last signature 
and will continue in effect for ten years, or unless earlier modified or revoked by 
agreement of all signatory agencies. Modifications to this MOU may only be made by 
mutual agreement of all the signatory' agencies. Modifications to the MOU must be made 
in writing. 


Donald S. Welsh, Regional Administrator Date 

Region III 

Tlie U.S. Environmental Protection Agency 


J. I. Palmer, .Tr., Regional Administi-ator Date 

Region IV 

The U.S. Environmental Protection Agency 


Paul L. Sloan, Deputy Commissioner 
Tennessee Department of 


Environment and Conservation 



-MMlk , 

David K. Paylor, Directqj/ 
Virginia Department 
of Environmental Quality 


Date 


n/niz-ml 

Date 
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Virginia Department 
of Mines, Minerals, and Energy 
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Facts about the Cumberland Plateau & Mountains 

Size, Location, & Physiographic Assignment 

• The Nature Conservancy groups the Cumberland Plateau & Mountains into a large 
ecoregion with the Soutiiem Ridge & Valley province (i.e., the CSRV Ecoregjon). 
(note : This grouping was done because of close geologic affinity between the two 
areas. The Ridge & Valley is essentially a series of large, parallel gorges.) 

• The CSRV Ecoiegion comprises almost 37 million acres and stretches app. 500 miles 
through portions of 6 states (Alabama, Georgia, Tennessee, Kentucky, Virginia, & 
West Virginia). 

• Also known as the Appalachian Plateau by some physiographers, the greater 
Cumberland Plateau & Mountains region is the largest temperate hardwood plateau 
in the world . 

Geologic History & Coal Formation 

• The Cumberland Plateau formed geologically from the backwaters of a shallow, 
inland sea that filled over time fiom erosion of sediment firam the Appalachian 
Mountains to the east. 

• Carboniferous Age swamps developed as the inland delta receded and were buried 
over eons to form the vast coal deposits in the region today. 

• Later continental collisions between North America and Africa caused uplifting of the 
Cumberland Plateau & Mountains to elevations above the adjoining ecoregjons. 
Elevations range from approximately 1,000 feet to over 4,000 feet above sea level. 

• Coal deposits, having formed later in the geologic history of the region, typically 
occur in the upper geologic layers of the region. 

Biodiversity Significance 

• The greater Cumberland Plateau region (i.e;, CSRV Ecoregion) is one of the most 
biologically diverse areas in all of North America. This biodiversity is largely due to 
a complex mterconnected ecological framework of forests, streams, and caves. 

• An assessment by NatureServe found that the Cumberland Plateau region was among 
only 6 ‘hotspot’ areas of critical biological significance in the country, (source: 
Precious Heritage - the status of biodiversity in the United States, 2000.) (note : the 
CSR V was part of the larger Appalachian hotspot.) 

• Furthermore, a more recent internal assessment by The Nature Conservancy of known 
biodiversity in all ecoregions across the globe found the Cumberland Plateau 
ecoregion (i.e., CSRV Ecoregion) to rank 7* out of 88 temperate broadleaf forest 
ecoregions in the world. 

• Compared to all ecoregions regardless of major habitat type (i.e., including tropical 
areas), the Cumberlands ranked in the top third for known biodiversity across &e 
globe (24 9*’’ out of 789 global ecoregions). 

• Large portions of the headwaters of both the Tennessee and Cumberland river 
systems originate in the Cumberlands region. Collectively, the Tennessee and 
Cumberland Rivers are considered as to be the most biologically diverse freshwater 
region in the United States (primarily due to fish and mussels), (source : The Nature 
Conservancy, Rivers of Life — critical watersheds for protecting freshwater 
biodiversity, 1998.) 



79 


• Other broader assessments list the Cumberlands Ecoregion as a global center for 
freshwater aquatic biodiversity. 

• The World Wildlife Fxmd designated the rivers of the Southeastern United States as 
one of only 200 large regions of biological significance based largely on the 
Tennessee-Cumberland drainages that largely originate in the Cumberlands. (sourc e: 
World Wildlife Fund, The Global 200 Ecoregions - a User ’s (Guide, 2000.) 

• Due to the unique karst (i.e., Umestone) topography of the Cumberland Plateau, the 
region contains one of the highest densities of caves in the country. These caves are 
also of global significance for the large number of rare, indigenous fauna. Many of 
the species in these caves occur in only one or two cave systems, (source : Dr. Tom 
Barr.) 

• A recent series of cave surveys by The Nature Conservancy in Tennessee of 127 
caves scattered over 20 counties of the Cumberland Plateau yielded 150 new 
occurrences of globally rare species and 48 previously undescribed species new to 
science, (source : TNC- TN Chapter) 

• By conservative estimates, less than 5% of the cave systems in the Cumberlands 
region have been surveyed, (source : TNC - TN Chcqrter) 

• As scientists continue to explore caves in the region, the connections between above- 
ground aquatic and terrestrial systems to subterranean systems are believed to be 
much more intricately linked. 

• Coal mining (both historic and current) has been cited by numerous ecological plans 
to be a critical threat to fauna and flora in a large portion of the Cumberlands. 
(sources : The Nature Conservancy - CSRV Ecoregional Plan and TWRA - 
Comprehensive Wildlife Conservation Strategy, a.k.a. TN State Wildlife Action Plan.) 

• The recently completed Tennessee Wildlife Action Plan, an assessment required by 
the U.S. Fish & Wildlife Service by each state wildlife management agency, cited 
over 90 animal species negatively affected by incompatible minin g practices 
(primarily coal mining) from botii current activities arid ongoing consequences of 
historic mining. Approximately 10 of these species are of global significance in that 
they have very few remaining populations. 

• The indirect effects of coal mining on habitat conversion and fragmentation of forests 
also affects a number of declining neo-tropical migratory bird species (e.g.. Cerulean 
Warbler), (source : Dr. Dave Buehler - Univ. ofTennes.see) 
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STATE OF TENNESSEE 
PUBLIC CHAPTER NO. 289 
HOUSE BILL NO. 2300 

By Representatives Mike Turner, McCord, Hawk, Ferguson, Litz, Lollar, 
Fraley, Niceley, Borcheil, Coley, Faulkner 

Substituted for: Senate Bill No. 2321 

By Senators Kyle, Southerland, Black, Ketron, Overbey, Faulk, Tracy, Yager, 
Watson, Marrero, Bunch, Ford 

AN ACT to amend Tennessee Code Annotated, Title 69, Chapter 3, Part 1, 
relative to water quality. 

BE IT ENACTED BY THE GENERAL ASSEMBLY OF THE STATE OF TENNESSEE; 

SECTION 1. This act shall be known and may be cited as "The Responsible 
Mining Act of 2009". 

SECTION 2. Tennessee Code Annotated, Section 69-3-108, is amended by 
adding the following language as a new subsection (f) and by redesignating the 
remaining subsections accordingly: 

(f) In regard to permits for activities related to the surface mining of coal: 

(1) No permit shall be issued that would allow removal of coal 
from the earth from its original location by surface mining methods or 
surface access points to underground mining within one hundred feet 
(100') of the ordinary high water mark of any stream or allow overburden 
or waste materials from removal of coal from the earth by surface mining 
of coal to be disposed of within one hundred feet (100') of the ordinary 
high water mark of a stream; provided, however, that a permit may be 
issued or renewed for stream crossings, including but not limited to rail 
crossings, utilities crossings, pipeline crossings, minor road crossings, for 
operations to improve the quality of stream segments previously disturbed 
by mining, and for activities related to and incidental to the removal of 
coal from its original location, such as transportation, storage, coal 
preparation and processing, loading and shipping operations within one 
hundred feet (100') of the ordinary high water mark of a stream if 
necessary due to site specific conditions that do not cause the loss of 
stream function and do not cause a discharge of pollutants in violation of 
water quality criteria. Nothing in this subdivision shall apply to placement 
of material from coal preparation and processing plants. 

(2) Without limiting the applicability of this section, if the 
commissioner determines that surface coal mining at a particular site will 
violate water quality standards because acid mine drainage from the site 
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will not be amenable to treatment with proven technology both during the 
permit period or subsequent to completion of mining activities, the permit 
shall be denied. 

SECTION 3. This act shall take effect upon becoming a law, the public welfare 
requiring it. 

PASSED; May 4, 2009 


iflO ^ 

KENT WILLIAMS, SPEAKER 
HOUSE OF REPRESENTATIVES 
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STATE OF TENNESSEE 


9 Januaiy 2006 


C,.e L 


Phil Brbdesen 

GovKsnoR 


Mr. Brent WahiqiBSt, Artng Director 
U.S. Department of the interior 
Office of Surface Mining 
1961 Constitution Avenue, N.W. 

Washington. D.C. 20240 

Dear Mr. Wahiqtast: 

As vou know, there has been significant and growing coitrovetsy over the pas^ few years in regard 
to coai mining in Tenn^see. You may also krtow that I have a strong interest in amervation of our natural 
treasure hi Tennessee, in the last legistative ses^, we proposed, and the General Assembly passed, a 
bill creating a new .tool to be used to address consenmlion of our natural herftage. The Cimberiand Plateau 
is a special area of focus for these cc^ems. 

in diat COTtext, i am asking the Office of Sur^ Mining (OSM) to conduct a full and (horoi^h 
review of the ermronmental Impads of coal ntimng in Tennessee and dev^op S) Environmental Impact 
Statement'(EIS) under the process set forth in the National Environmental Poltoy Acrt. We brieve that since 
the last EiS was done in 1985. and even in me two years sirve OSM last considered this issue, there have 
been a nurhber developments mat warrant mis action. These inctude the changes in the economics of 
coai mining that rrray impact the demand k)r Tenness^ coai. A more detailed set of reasons for doing the 
EIS will be forthcoming in a separate letter from the Department of Er^vironment and Conservation. 

Such an EIS can be the basts for a thorough sdentii; analysis of the coal resource in the state, the 
technology currerrtiy available for minirrg, the impacte of mining on the environm^it, and on communities. 
This process can be an open process, Irrvolving input from all interested people and can be me basis for 
policy for both the Office of Surface k^ing and the Department of Environment arvi Conservation. 

At your earliest convenience, please let me know your answer to this request. For former 
information, f^ease contact Deputy Commis^wer Paul Sifstn, Tennessee Department of Environment and 
Conservation, at (615) 532-0102. 



Phil &edesen 


cc: Commissioner James H, Fyke 
D^xrty Commissioner Paul Soan 

Tim Dehringer eECEIVED ' 

State Capitol. Nashville, Tennessee 37243*0001 

1615)741-2001 JAN 12 2086 

ItiiONMENT AND CONSERVATION 
CtMMSSIONSfSOfflCE 



STATE OP TENNESSEE 

DEPARTMENT OF ENVIRONMENT ANO CONSERVATION 
NASHVILLE, TENNESSEE 37243-0435 

JAMES H. FYI^ PHIL 

COBMISSjOffiR 


Jaauary 12, 2006 


Mr. Brent Wahlquist, Acting Director 
Office of Surface Mining 
1 95 1 Constitution Avenue, N.W. 

Washingtoa. D.C. 20240 

Dear Mr. Wahlquist: 

You recently received a letter &om Governor Bredesen requesting die Office of Surface 
Mning develop a new comprehensive Environmental Impact Statement (EIS) on Coal 
Minii^ in Tennessee. In addition to vdiat he stated, please consider the following reasons 
OSM should grant this request. 

We are aware that OSM has taken the position in court that the 1985 EIS meets legal 
requirements. We are not trying to dispute OSM’s legal position. Our request is based 
on our view that environmental regulation should be based on best available scientific 
and technological resources and should be developed in a process that is open to die 
affected interest groups and the public. We expect you share that view. 

The many events and changes that have occurred in the twenty years since the 
progranunaUc EIS was done mean that the 1985 EIS is now inadequate as a matter of 
policy to be the basis for good decision making. These changes include developments in 
the technology and mediods used for mining, eban^ m marketplace conchtions, new 
effluent standards developed by EPA, new infonnation about direatened and endangered 
species, and the experience of toth of our pennies in regulating mining since 1 985. 

TVA has, in die past, adopted the 1985 EIS for its MBPA compliance for coal mining. 
Althoi^ it has not been issued, we are aware that TVA has done a significanl amount of 
work on it own EIS on the Koppers property. If TVA issues that EIS, it will no longer 
rely on the document. If OSM acts now it v^ be ahead of that development rather than 
behind. 

Here are more reasons why OSM should develop anew EIS: 

1 . A number of Lands Unsuitable Petitions have been reviewed and restrictions 
placed on mining in cerhun locations since the EIS was written. 



Mr. Brent Wahlquist 
January 13, 2CKW 
Page 2 of 3 
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- Fall Creek Falls 

- Rock Creek 

- Litfle Yellow Creek 

- Flat Fork 

You also have ano&er Lands Unsuitable Peddon that has l^en filed regarding the 
New RivKT watCTshed. As can be s^n fiom some of the iteiM Wow, we would 
like to incorporate some of the concerns raised by that petition into a more 
comprdieiisive analysis of impacts from mining throughout the smte. 

2. Sewanee coal seam surface mining has routinely created lasting problems with 
acit^ metals, or other conditions resulting from die neuti^izalion of acid. The 
failure of the toxic material handling plan at Skyline Coal and the problems 
encoimtered at Seijuatchie Valley Coal and CumbeHand Coal are examples. Ihe 
tr^tment of some acid mine drainage has resulted in other water quality 
problems. The metiiods of treatment have not proven to be satisfactory. Contrary 
to findings of die EIS at paragraph 4.4.3 .4.2., in these situations the treatment of 
AMD bas not had a braeficial impact on the area. 

3. Passive water treatment, although used extensively by the industry, is not 
addressed in the EIS. 

4. The EIS should include considerable volume of more up to date water quality and 
stream biota iafbnnation. 

- TVA has produced consid^able data in their Koppers EIS efforts. 

x OSM’s CHIA sampling has ;noduced considerable data along with the 
trace metal monitoring required of operators for some time. 

- The Division of Water Pollution Control’s Mining Section has collected 
considerable data and the general water quality assessment databases of 
the Division have a great deal of information. 

• More data needs to be collected and iiKduded. 

In addition to the increase in data, the quality of the data is better because of 
improved geological and water sampling techniques and analytical methods have 
bem developed. 

5. Enforcement activities of both OSM and the state of Tennessee involving coal 
mining are not included. 

6. State of Tennessee now manages lands known as; Sundquist Wildlife 
Management Area, Royal Blue WMA, Cumberland Trail, Fork Motmtain, Coidite 
Cove. Management measures to support the objectives of die state’s management 
plans for these sites need to be included. 
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Mr. Breot Wabiquist 
January 13, 2006 
Page 3 of 3 


7. There is more informatioii now about a number of tfireatened and endangered 
species and other species of concern than there was in 1985. No protection is 
proposed for the Blackside Dace in the EIS, nor does it mention critical habitat for 
die hidiana and Gray Bats. (Table 3-19). The Cerulean Warbler is not 
mentioned. (Table 3-20) 

8. Mining technology-Augur mining (33.2.4) may have been improved by current 
highwall mming machines which retricn^ coal fiom much farther into a coal 
horizon. This improvement in retrieval volume has also changed the amount and 
coniigur^on of sur&ce area needed for the newer mining machines. 

9. Erosion and sediment control measures need for haul road conhol not discussed. 
C&osion and Sediment Impacts (4.4.3.2) 

10. Effluent Limitations - Standards have changes since the EIS was produced, Best 
Available Technology has changed to New Source Performance Standards. See 
A.3.1. 


1 1. Many believe the change in air poUutioo standards for power generating facilities 
and othn market conditions have created an increased demand for Tennessee 
coal. See the Tennessee Wildlife Federation Report on Mining. 

12. A comprehensive inventory of abandoned mine land and lands where reclamation 
has not been effective including slides, post mining land use problems is needed 
to addr^ cumulative impacts 

I appreciate your consideration of this request and I am happy to be your point of contact 
if you hove any questions as well as to be notified of your decision. 



Deputy Commissioner for Enviomment 


PLS:AL:cm 


cc: GovKTQor Bredesen 

Tim Dieringer, OSM 
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Answers by Paul Sloan to Questions from the Environment and Public Works 
Committee 

Senator Barbara Boxer 

Q. Mr. Sloan, during the Subcommittee hearing we heard testimony about how the West 
Virginia Department of Environmental Protection believes that they are adequately 
Oiffsetting the adverse effects of mountaintop mining vall^ fills on water quality. Can you 
explain wl^f the State of Tennessee believes that the mining through streams or burying 
steams with waste material, which are commonly associated with mountaintop removal 
mining, "constitute impermissible pollution of the streams and there are reasonable 
alternatives available” and why Tennessee does not permit these activities? 

A. This year, the Tennessee General Assembly made these prohibitions explicit in the 
Tennessee Code by enacting Public Clu^er 289 (copy attached). Althou^ Tennessee, 
like West Virginia, allows for mitigation to o&et the impacts of various activities on 
streams and wetlands, not every activity is entitled to a pennit Prior to this new statute, 
diere were two sources in federal and state water pollution laws for the rationale for die 
language you quote. In the context of the federal Clean Water Act, these are known as the 
404(b)(]) guidelines and anti-degradation. In plain language, these both require that an 
analysis of alternatives must show that there is not a reasonable alternative to accomplish 
the project. There are alternatives both to mining through streams not impacted by prior 
mining and the deposition of waste materials from surface mining in streams. In practice, 
coal mining operatl(Xis in Tennessee have found such alternatives. 

Senator Benjamin L. Cardin 

Q. Tennessee has successful mining operations throughout the Eastern portion of the 
state. You say you have done so without permitting Valley Fills. Have mining interests 
within your state taken issue with your Agency's policies on Valley Fills? 

A. There have not been legal challenges to Timnessee’s requirements for protecting 
streams and the coal industry did not lobby against the codificatioD of the requirements 
by Public Cb^ter 289. 

Q. The rules on "Fill Material" eae obviously written in a way that permits Valley Fills to 
accompany surface mining activities. You've indicated the importance of coal to the 
Eastern Tennessee economy. What was the process that led to the determination in TN to 
not permit Valley Fills? Has your state's ability to mine coal been hindered at alt by the 
prevention of valley fills? 

A. As noted above, state and federal law require that we protect waters. Filling streams 
with overburden material is simply incompatible with tbm objective and the specific 
regulatory requirements. It is well-demonstrated that overburden can be managed without 
placing it in waters. We are not aware that these legal requiiemcnts are more of a 
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limiting fk;tor on mining in Tennessee than are natural factors such as the thickness of 
coal seams. 

Q. Some would argue that Cross Ridge mines are effectively MTR projects. You do after 
all excavate the Mountain from the top down. Can you please etgilain to me the difference 
between what you permit mining cperations to do In TN and the differences, in terms of 
inducts to water quality and the environment, between Ooss Ridge mining and 
Mountaintop Removal Mining as it occurs in other states in Appalachia? 

A. The distinction is how overburden is managed. We allow surface mining operations to 
remove oveiburden to access coal so long as it is placed where it does not harm waters. 
When OSM or an authorized state issues a permit for mountaintop removal mining which 
will result in the final contour being a level or gently rolling plateau, the operation is 
exempted from the normal requirement to reclaim tte mine site to the approximate 
original contour of the mountain before mining. See 30 C.F.R. §716.3. Because we do 
not allow burial of streams, OSM does not issue such permits in Tennessee. Also, to 
allow the valley fill associated with mountaintop removal, OSM also has to authorize the 
fill within the 200 foot stream bufEer zone under 30 C.F.R. §816.37. OSM does not issue 
such authorizations in Tennessee. There is no question that di^osal of mining 
overburden in Appalachian streams has long-teim negative impacts on those streams that 
are buried. 

Senator James M. Inhofe 

Q. Aren't many, if not most of the current coal mining sites in Tennessee re-mining 
operations that are reclaiming old abandoned coal mines to modem environmental 
standards? 

A. Yes, many are. One of the most common examples is the reclaiming of old benches 
left on the sides of mountains by prior contour mining. The benches are one of the places 
used for the deposition of the overburden material instead of deposition in streanrs. 

Q. if so, then shouldn't we be encouraging such operations, since they can dramatically 
improve long term acid mine drainage from pre-law sites and actually Improve water 
quality? 

A. We do encourage ongoing mining operations to reclaim old mine sites. In the example 
given above, the use of the airspace above the old bench is one of the reasons cross ridge 
mining is feasible. Since the overburden material expands when it is removed, there is a 
need for more disposal space than that at the top of the mormtaia 

We also authorize minin g through stream segments that are still showing impacts of prior 
minmg if they can be improved. However, at least in Tennessee, very little of the ongoing 
mining is coirecting acid mine drainage problems. This is for at least two reasons; (1) 
correcting such problems is very expensive; and (2) no current mining is being permitted 
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in coal seams with associated acidic overburden. In Tennessee, both we and OSM are 
unaware of any technology capable of preventing future acid mine drainage problems. 

Q. In your testimony you call for a study of mining, buthasn'tthe 

federal government already completed a comprehensive programmatic EIS Just a ferw 

years ago, examining all aspects of MTM? 

A. Without getting into die merits of the programmatic EIS on mountaintop removal 
mining, that is a different subject than the one we want OSM to address. We want a 
study on all the impacts of coal mining in Tennessee. Since mountaintop removal mining 
does not occur in Tennessee, we would not e}q)ect that issue to be addr^sed in the study. 
It is true also that OSM did an EIS when it took ovo^ the program in the mid 1980s. 
However, that study did not address all of the concerns that exist today. I have attached’ a 
letter I sent to OSM when this request was first made that sets out a long list of the 
concerns that were not addressed and should be. 
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Senator Cardin. Thank you very much for your testimony. 

Secretary Huffman. 

STATEMENT OF RANDY HUFFMAN, CABINET SECRETARY, 

WEST VIRGINIA DEPARTMENT OF ENVIRONMENTAL PRO- 
TECTION 

Secretary Huffman. Thank you, Mr. Chairman. Good afternoon. 
I want to thank you for the opportunity to be here today to rep- 
resent West Virginia’s concerns in this dialog over mountaintop 
mining. 

Senator Cardin. Would you just turn your microphone on, if you 
have not? 

Secretary Huffman. I apologize. It says it is on. Yes. 

Senator Cardin. Good. 

Secretary Huffman. Again, thank you for the opportunity to be 
here today to represent West Virginia’s concerns in this dialog over 
mountaintop mining and its impact on water quality. 

As you know. West Virginia is at the center of the debate, from 
both a regulatory perspective and a geographical perspective, since 
the majority of the Appalachian Highlands where mountaintop 
mining is practiced are located in West Virginia. 

It is important that we first, though, frame the discussion in 
proper context. Mountaintop mining is one of many surface mining 
methods recognized and regulated by the Surface Mining Act. And, 
as the State’s top environmental regulator, it is not something that 
I come here today with the intention of promoting for or speaking 
against. 

What must be understood is that the connection between pro- 
tecting water quality and the practice of mountaintop mining, is 
not a unique one. Nor is the assumption by many that valley fills 
are only associated with mountaintop mining. 

In fact, the debate cannot be limited to surface coal mining alone. 
Hard rock surface mining, other development activities, and any 
other activity that removes vegetation and breaks rock can be sub- 
ject to the same types of concerns and issues. 

There are may surface mines that are not mountaintop removal 
by definition which require valley fills. And in fact, in West Vir- 
ginia, 90 percent of all surface mining activity contains at least one 
fill. And, as you know, 40 percent of our State’s coal production 
comes from surface mining. 

Also, the Clean Water Act and West Virginia’s Water Enforce- 
ment Program require the same levels of protection for all mining 
activity, regardless of whether it is mountaintop mining by defini- 
tion. 

While West Virginia is concerned about losing the opportunities 
associated with mountaintop mining for future economic develop- 
ment, our greatest concerns are the uncertain regulatory climate 
EPA has created and the unintended consequences of their recent 
actions that have the potential to significantly limit all types of 
mining. 

I believe it is important to understand West Virginia’s role in en- 
forcing the Clean Water Act. While West Virginia is concerned 
about the economic impacts that would accompany any policy 
change that reduces coal production, my agency’s role is, and hence 
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our primary objective in this discussion is, the protection of our 
water resources. 

The Clean Water Act clearly allows EPA to delegate portions of 
the act to the States and we believe that was Congress’ intent as 
they recognize the States as being better positioned to regulate 
than the Federal Government. 

The DEP in West Virginia has a very effective and progressive 
regulatory program. We have been regulating mining-related im- 
pacts to surface and groundwater since we received primacy over 
SMCRA from the Office of Surface Mining in 1981. Our program 
has evolved a great deal since then and continues to grow and 
change as research and technology help us learn more about health 
and environmental impacts from our industrial processes. 

Concurrently with the primacy of SMRCA, we have delegated au- 
thority from EPA to oversee the Clean Water Act, section 402, per- 
mitting program, and section 401, which is the certification of Fed- 
eral permits. In fact, before one certification authority, which is the 
EPA’s current challenge to West Virginia’s program, is not dele- 
gated by EPA but is delegated to the States by Congress through 
the Clean Water Act itself 

West Virginia received awards in 2005 and 2007 from the EPA 
for “outstanding performance in implementing their NPDES pro- 
gram.” EPA’s recent inquiry scrutiny over the Army Corps of Engi- 
neers’ authority to issue valley fill permits is intended to be a way 
to curb mountaintop mining. EPA has clearly stated this on numer- 
ous occasions. 

The problem is, in so doing, the EPA’s selected venue has been 
to attack West Virginia’s 401 certification program. In short, EPA 
is not claiming that West Virginia is failing to enforce Federal law. 
They are wrongly claiming that West Virginia is failing to enforce 
its own rules, which have gone through proper rulemaking chan- 
nels and which, ironically, EPA has approved as being protective. 

Further, this position by EPA is new. It evolved out of Region 3 
in Philadelphia since January in the absence of a Regional Admin- 
istrator appointed by President Obama. 

Even as coal’s future is being debated. West Virginia is posi- 
tioning itself to continue to be an energy producing State. In just 
the past month. Governor Joe Manchin has signed into law three 
pieces of legislation that do just that: one requiring coal burning 
power plants to diversify their energy portfolio to include alter- 
native and renewable energy; the second creates a regulatory 
framework for establishing a permitting program for carbon cap- 
ture and sequestration; and the third, turning reclaimed surface 
mine lands into a resource that can be used in a post-mining econ- 
omy. 

I will close with a comment about the latter. West Virginia and 
our Nation needs job and we need coal. Nothing in the debate over 
surface mining is going to change that in the short term. But in 
the long term, as we mine and use a nonrenewable resource, and 
as we develop alternative energy sources, the people that live in 
the steep, narrow terrain of southern West Virginia need the op- 
portunities created by surface mining. 
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And as the State’s regulatory agency, the DEP in West Virginia 
needs consistency and clarity from EPA in order to be effective reg- 
ulators. And right now, we do not have that. 

Thank you, Mr. Chairman. 

[The prepared statement of Secretary Huffman follows:] 
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Name: 

Title: 

Organization: 

Committee: 

Hearing: 


Randy Huffman 
Cabinet Secretary 

West Virginia Department of Environmental Protection 

Senate Committee on Environment and Public Works, Subcommittee 

on Water and Wildlife 

The Impacts of Mountaintop Removal Coal Mining on Water Quality 
in Appalachia 


The State of West Virginia appreciates the opportunity to be a part of the dialogue regarding 
mountaintop mining and its impact on water quality. Because West Virginia is home to the 
majority of the Appalachian highlands where mountaintop mining is practiced, the State is at the 
center of the debate from both a regulatory and geographical perspective. 

It is important that the discussion is framed in the proper context. Mountaintop mining is one of 
many surface mining methods recognized and regulated by the Surface Mining Control and 
Reclamation Act. What must be understood is that the connection between protecting water 
quality and the practice of mountaintop mining is not a unique one. Nor is the assumption by 
many that valley fills, which have been the focal point of attention in recent months, are only 
associated with mountaintop mining. In fact, the debate cannot be limited to surface coal mining. 
Mining through streams, hard rock surface mining and development activities could warrant the 
same scrutiny that is being given to the use of valley fills. There are many surface mines 
requiring valley fills that are not mountaintop removal mines by definition. Also, the Clean 
Water Act and West Virginia’s Water enforcement program require the same levels of protection 
for all mining activity. 


Coal production is the leading revenue generator for West Virginia, and many in the State are 
concerned about losing the opportunities for future economic development associated with 
mountaintop mining. The greater concern for the Department of Environmental Protection, 
however, as protector of the State’s water resources, is the unintended consequences of the 
Environmental Protection Agency’s recent actions that have the potential to significantly limit all 
types of mining. 


West Virginia Water Regulatory Program 

The Surface Mine Control and Reclamation Act (SMCRA) was enacted by Congress in 1977 to 
provide a comprehensive program to regulate surface coal mining and reclamation operations 
including mountain top mining and associated valley fills. The West Virginia Surface Coal 
Mining Reclamation Act (WVSCMRA) and its implementation was designed and approved to be 
as stringent and effective as the Federal program, which regulates coal mining under the 
SMCRA. In 1981, WV was approved as the primary regulating authority of coal mining 
activities under SMCRA, 


In 1982, WV was authorized by United States Environmental Protection Agency to be the 
primary regulatory authority under the National Pollution Discharge Elimination System 
program. The West Virginia Department of Environmental Protection was designated as the 


1 
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certifying authority under 401 of the CWA as to whether a proposed Federal undertaking will 
comply with State water quality standards. 

Things have changed a great deal, particularly in the last 1 0 years, with regard to the scope and 
scale of surface mining in West Virginia. Surface mining operations have shrunk, for example 
there were seven draglines in 1998 compared to only three today. 

The environmental programs that apply to raining have matured considerably, and the US Army 
Corps of Engineers and the State of West Virginia have done everything that EPA has requested: 

-West Virginia developed, at EPA’s urging, an Approximate Original Contour policy under 
SMCRA that is an engineering formula used to verify valley fills are as small as physically 
possible. EPA’s approval of the AOC policy as optimization of fill space was sent in a formal 
letter to both the Corps and WVDEP. 

-The EPA was concerned that mining permits were being approved by the Corps through 
nationwide or general section 404 permits. The mining industry in West Virginia responded and 
made the transition to the Individual Permit process under section 404 while other states and 
regions continued to use the nationwide permit process that required less review and 
environmental analysis. 

-West Virginia has gone above and beyond the EPA’s recommended water quality parameters 
for coal mining by assigning water-quality-based effluent limitations for mining operations that 
broaden the parameters for which mining operations receive assigned permit limits. Other states 
continue to use tech based limits that assign permit standards for pH, iron, manganese and Total 
Suspended Solids. West Virginia permits have limits for these parameters and a host of others 
such as aluminum. 

-West Virginia developed an anti-degradation program that considers the ability of the receiving 
stream to assimilate discharges of parameters that was approved by EPA and increased the detail 
and complexity of the Cumulative Hydrologic Impact Assessment (CHI A) required by the 1977 
Surface Mining Act. 

-For the past several years the State has required every permit to include a Surface Water Runoff 
Analysis which is an engineered formula that assures no flooding potential from proposed 
mining operations. Additionally, West Virginia modified its valley fill construction rules to 
further assure no flooding potential in times of short, intense runoff from flash storms and 
thunderstorms. 

-The State has participated in a multi-agency effort to establish on-site mitigation and stream 
reconstruction and replacement in the restored mining area to mimic the functions of headwater 
streams. These practices were specifically sustained by the 4th United States Circuit Court of 
Appeals. 

During the development of the Mountain Top MiningW alley Fill (MTMWF) Environmental 
Impact Study nearly a decade ago, there were permitting protocol agreements entered into by the 
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Corps, the EPA and the WVDEP that outlined what needed to be included in all the regulatory 
applications to allow for the issuance of the various permits required. These agreed upon 
requirements were intended to minimize the effects of MTMPVF on water quality and the 
environment as a whole. The approach also makes the review of permits more consistent and 
provides a stable playing field for the applicant. 

The WVDEP has followed the agreed upon approach. It assigns water-quality-based effluent 
limitations in its NPDES permits in accordance with all applicable state requirements: the West 
Virginia Water Pollution Control Act, W.Va. Code §§ 22-11-1 through 22-11-29; the Coal 
National Pollution Discharge Elimination System Rule, 47 CSR 30; Water Quality Standards 
Rule, 47 CSR 2; and, the Antidegradation Implementation Rule, 60 CSR 5, all of which have 
been approved by the EPA. In addition to complying with all applicable State requirements, the 
effluent limitations in the WVDEP’s NPDES permits also comply with all applicable Total 
Maximum Daily Loads, 


Lack of Distinction Between Mining Types 

Mountaintop mining currently is one of the recognized mining methods in the law for extracting 
coal, and is regulated by the State of West Virginia under the Surface Mining Reclamation Act 
and the Clean Water Act. 

As mentioned. West Virginia has authority under the Clean Water Act, Section 401 to issue 
certifications ensuring that the project will comply with State water quality standards. It is this 
certification that the U.S. Army Corps of Engineers uses to determine whether a 404 permit 
allowing the construction of a valley fill will be issued. 

Valley fills are not unique to mountaintop mining, but are, in fact, a necessary part of many 
mining practices - including those for hard rock, other minerals, ores, refuse fills and deep 
mines. 

West Virginia Concerns Regarding Recent EPA Actions 

The consequences of the EPA’s recent position moves West Virginia and the nation toward the 
elimination of valley fills. In fact, EPA’s position carmot be limited only to mining related fills. 
If these impacts are real, they are real for all earth moving activities and would impact highway 
construction and other development activities. 

With the exception of mitigation, there has been no change in the law since the Clinton 
administration to justify the sharp change in direction that the EPA has taken. The only new 
development that appears to have precipitated the EPA to change its position on valley fills is the 
publication of a study conducted by the EPA's Region 3 freshwater biology group in 2008 (Pond, 
et al., 2008). The WVDEP does not believe that this study justifies the sweeping change in 
regulatory approach the EPA is making. 
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Based on the Pond study, the EPA contends that water quality is not being protected downstream 
of the fills proposed by mining companies. In West Virginia, downstream water quality is 
principally regulated through the NPDES permit issued by the WVDEP, which believes that the 
NPDES permits it issues for these types of mining operations fully comply with all requirements, 
and the recently published Pond study does not change this belief In fact, when WVDEP is 
satisfied that the proposed activity is protective, it issues a certification under section 401 of the 
CW A, over which it has authority, 

The EPA contends that these mines will violate one of the State's narrative water quality criteria. 
This water quality standard prohibits a "significant adverse impact to the . . . biologic 
component^ of aquatic ecosystems." The Pond study concludes that this standard has been 
violated downstream from valley fills associated with mining operations, based on its application 
of two biologic assessment tools, the West Virginia Stream Condition Index (WVSCI) and the 
draft Genus Level Index of Most Probable Stream Status (GLIMPSS), to samples of benthic 
macroinvertebrate life taken from these streams. 

A first observation about this study is that West Virginia does not use the draft GLIMPSS in its 
assessment of the biologic health of State streams. Various activities will need to be 
accomplished before GLIMPSS is finalized and put into regulatory use. Those activities include 
scientific peer review, allowing opportunity for public comment and the establishment of 
implementation thresholds. Second, WVDEP uses the WVSCI to assess biological integrity 
under the narrative water quality criterion. This practice has been utilized since 2002 with EPA 
approval. These tools are just that, tools. They are not stand alone determinants of compliance 
with the narrative criterion. Any application of these assessment tools in determining 
compliance with the narrative criterion must faithfully apply the language of the standard itself, 
which prohibits significant adverse impacts on the biologic component of the aquatic ecosystem. 
In that regard, the WVDEP considers streams with WVSCI scores less than 60.6 as biologically 
impaired. 

Without evidence of any significant impact on the rest of the ecosystem beyond the diminished 
numbers of certain genus of mayflies, the State carmot say that there has been a violation of its 
narrative standard. 

Alternatives/Avoidance/Minimization 

Beyond the water quality issues, the EPA also questions whether the extent of the fills, as 
proposed, have been sufficiently avoided and minimized. The agency is questioning whether 
application of the Approximate Original Contour formulae would result in less aerial extent of 
fill. Nine years ago, the EPA agreed that it would accept the application of the AOC and AOC + 
formulae as determinative of whether the extent of fill proposed in connection with a surface 
mine site has been sufficiently avoided and minimized. Leaving a flat area on the mountain top 
to accommodate emergency flood relief housing on the Highland project and construction of the 
King Coal Highway on the Consol of Kentucky and Erasure Creek projects will not cause the 
extent of the fill to be larger than it would be if these sites were restored to their approximate 
original contour. The toes of the proposed fills for these projects would not be moved upstream 
if they were reclaimed to AOC because the AOC formula was used to establish the location of 
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the toes of these fills. The volume of spoil material that would have been used in reclamation to 
approximate original contour (rebuilding the ridgelines that are present in the pre-mining 
topography) will be spread out over the extent of the fill and backfill areas to provide a sufficient 
footprint of flat land for the proposed emergeney flood relief housing and highway portions of 
these projects. As a result of spreading this material out instead of using it to rebuild the 
ridgeline, the elevation of the top of the fill will be higher than the target fill elevation dictated 
by the AOC formula. Despite that AOC is not being restored on the Highland, Consol of 
Kentucky and Frasure Creek projects, the extent of the fill is no greater than if these projects 
were reclaimed to AOC. 

The approach EPA has taken in its objection letters indicate that EPA is hostile to post-mining 
land uses that call for something other than a return of mined land to its approximate original 
contour (AOC). This approach is contrary to the intent of Congress regarding development of 
mined lands expressed by its adoption of the federal surface mining act. The Report of the House 
of Representatives’ Committee on Interior and Insular Affairs, H.R. 95-218, which accompanied 
and recommended adoption of the bill that became the Surface Mining Control and Reclamation 
Act of 1 977, said: 

[SJurface mining also presents possible land planning benefits as such mining involves the 
opportunity to reshape the land surface to a form and condition more suitable to man's uses. In 
such instances, the overburden and spoil become a resource to achieve desired configurations 
rather than a waste material to be disposed of or handled by the most economic means. The 
performance standards recognize that return to approximate premining conditions may not 
always be the most desirable goal of reclamation and thus appropriate exceptions to the general 
requirements are provided. 

H.R. 95-218, p. 94. This committee report also went on to state: 

[I]t may not always be best to return mountain lands to their approximate original contour. In 
various areas such as the mountainous Appalachian coalfields, there is a paucity of flood free, 
relatively flat developable land. Thus some surface mining operations offer the opportunity for 
creating a resource which otherwise might not be available or might be prohibitively expensive. 

The mining application process and environmental standards allow the regrading and spoil 
placement requirements for mountaintop mining in order to achieve post mining land uses 
including industrial, commercial, agricultural, residential, or public facility (including 
recreational facilities) development. 

H.R. 95-218, p. 124. To take advantage of the opportunity to create flat, developable lands in 
Appalachia presented by surface coal mining operations. Congress specifically provided for 
variances from the AOC requirement in 30 U.S.C. § 1265( c) so industrial, commercial, 
agricultural, residential or public facilities, including recreational facilities could be created. 

This opportunity is very important in the southern West Virginia coal mining region where no 
flat land exists. To assure that these opportunities are not lost, this year, the State has adopted 
legislation that requires a mine’s post-mining land use to comport with county master land use 
plans that are developed by local economic development officials and approved by the State’s 
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Office of Coalfield Community Development. These master land use plans target lands which 
are proximal to transportation or other infrastructure for development, so these areas of the State, 
which historically have had little economic activity other than coal mining, can develop 
sustainable post-coal economies. EPA’s objection to land uses which would allow for 
development of mined lands is contrary to the expressed intention of both the Congress and the 
West Virginia Legislature. 

Problems 

The recent increased scrutiny by the EPA over the Corps of Engineers authority to issue valley 
fill permits is intended to be a way to curb mountaintop mining. The EPA has clearly stated this 
on numerous occasions. The agency’s selected venue has been to attack West Virginia’s 401 
certification program, by claiming the state is failing to enforce its own rules, which have gone 
through proper rule making channels and have been approved by the EPA as being protective. 
This position by the EPA has evolved out of Region 3 in Philadelphia since January in the 
absence of a Regional Administrator appointed by President Obama. 

Impact on West Virginia’s Economy 

West Virginia participated in a multimillion-dollar, multi-agency Environmental Impact Study 
that included studies on the ability to extract coal in Central Appalachia without fills. This study 
predicted a 90 percent reduction in recoverable coal reserves at the 1 1 mining sites examined. 
Most notable was the fact that one of the mines was a large underground mining complex with a 
refuse fill, which also requires a section 404 permit. All of the coal at the underground mining 
complex was deemed unmineable because of the inability to construct a refuse fill. 

Without valley fills, the effect on coal production in Appalachia would be felt in the world’s 
energy markets. The elimination of valley fills would effectively bring coal production to a 
point that it would be difficult to sustain energy production and the impact to the State’s 
economy would be staggering. 

Valley fills are a key component of post-mine-land-use development and any move toward 
elimination of valley fills would jeopardize the future opportunity to develop land for a 
meaningful purpose after mining. This would directly affect the post-mine-land-use legislation 
signed into law last week by Governor Joe Manchin, and could stifle economic development on 
former mine sites in communities throughout Appalachia. 


Impact on Energy Production 

In West Virginia, nearly 100 percent of the State’s energy needs are supplied by coal-fired power 
plants. Nearly 50 percent of the nation’s energy needs are supplied in the same manner. 

It is one of few energy sources that can support the nation’s current electrical power grid 
configuration. While nearly everyone agrees that moving to a more diversified energy portfolio 
is eminent, today coal remains a key component to gaining energy independence. 
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Even as coal’s future is being debated. West Virginia is positioning itself to continue to be an 
energy producing state. In the past month. Governor Manchin has signed into law three pieces of 
legislation to accomplish just that. 

One piece of legislation requires coal burning power plants to diversify their energy portfolios to 
include alternative and renewable energy. A second creates a regulatory framework for 
permitting carbon capture and sequestration and the third transforms reclaimed surface-mined 
lands into a resource to be used in a post-mining economy. 

West Virginia and the nation need Jobs and coal. Nothing in the debate over mountaintop mining 
is going to change that in the short term. But, in the long term, as we mine and use a 
nonrenewable resource and as we develop alternative energy sources, the people that live in the 
steep, hostile terrain of southern West Virginia need a future, too. The opportunities created by 
surface mining will be gone if not taken advantage of now. We must have a base upon which to 
build our future and surface mining provides a key piece that base. 
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Environment and Public works Committee Hearing 
June 25, 2009 

Follow-Up Answers to Questions for Written Submission 


Questions from: 

Senator Barbara Boxer 

1 . Mr. Huffman, during the Subcommittee hearing we heard testimony about how 
mountaintop removal coal mining is severely degrading stream water quality in Appalachia. 

In the 32 years since the passage of the federal surface mining act and in the 37 years 
since the passage of the federal Clean Water Act, water quality in West Virginia has 
greatly improved. 


How is the West Virginia Department of Environmental Protection considering the 
cumulative impacts of mountaintop removal coal mining when making permitting decisions 
for these mine operations? 


Have you determined whether the projects that your agency has permitted are having a 
cumulative impact on water quality? 


There are two principal ways that cumulative impacts are considered. 

Before any surface mining permit is issued, a hydro-geologist working for my agency 
prepares a cumulative hydrologic impact assessment (CHIA) based upon chemical analysis 
of geologic core samples from the area to be rained, baseline water quality data, the 
applicant’s proposed hydrologic reclamation plan and the determination of probable 
hydrologic consequences provided by a hydrologic consultant for the permit applicant. 

The CHIA analyzes site-specific and cumulative impacts on surface and groundwater, and 
determines whether the proposed mining operation meets the most basic hydrologic 
protection standard in state and federal surface mining law: whether the operation has 
been designed to prevent material damage to the hydrologic balance outside the permit 
area. To assure that the operation functions as designed, surface and groundwater 
monitoring plans arc required as permit conditions. 


Where cumulative impacts on a stream, whether caused by mining or other some source, 
cause it to be in violation of the state’s water quality standards, my agency includes the 
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stream on the list of impaired streams it compiles pursuant to section 303(d) of the federal 
Clean Water Act. This results in the preparation of a Total Maximum Daily Load (TMDL) 
for the stream to attempt to deal with the cumulative impacts which arc causing the 
impairment. Both the 303(d) list and the TMDL are approved hy USEPA. Where a 
mining operation proposes discharges into a stream for which a TMDL has been prepared, 
my agency incorporates the requirements of the TMDL into the NPDES permit for that 
mining operation. 
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Senator Benjamin L. Cardin 

1 , Your testimony focuses a great deal on West Virginia’s water quality standards. 

What has your agency done to ensure eompliance with the selenium water quality standard 
downstream from surfaee mines? 

Proposed mining operations arc required to core-drill the area to be mined and test 
each rock layer for selenium (as well as other acid- or toxic-producing potential). Rock 
layers with the potential to cause an exceedence of the selenium standard are targeted 
for special handling. Special handling requires the material to be kept out of any fill 
and isolated in the backnil area, above the pit floor, where it is covered with the most 
impervious material available, then compacted. This encapsulation cell is then covered 
with other backfill material in the reclamation process. The goal of special handling is 
to keep this material out of the course of drainage so the selenium cannot leach out. 

The same approach has been used successfully for many years in handling acid bearing 
materials to avoid the formation of acid mine drainage. Mine operators that have 
followed their handling plans have been successful in preventing selenium pollution. 

Operations that had begun before the potential for selenium pollution from coal mining 
was known are currently testing a variety of different measures for control of selenium 
in their discharges. 

Aren’t you preparing to give coal companies another three years to come into compliance? 

This year, the West Virginia legislature adopted a bill that permits, but docs not require 
my agency to extend compliance schedules for attainment of compliance with selenium 
standards to July I, 2UI2. The law that otherwise governs the granting or extending of 
compliance schedules under the State’s Water Pollution Control Act was not changed. 
No such extensions have been granted. 


2. You testified that EPA’s position on valley fills “cannot be limited only to mining related 
fills" but would also aHect construction activities. 

The position USEPA has recently adopted on water quality issues downstream from 
mining operations deals with total dissolved solids concentrations or conductivity levels 
(which is used as a surrogate for measurement of total dissolved solids) and the 
purported effect of elevated levels of dissolved solids or conductivity on populations of 
certain genera of mayflies. Dissolved solids result from unweathered rock being 
exposed, for the first time, to weathering, allowing minerals to leach into streams 
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nearby. This problem exists in the ease of any unweathered roek that is brought to the 
surface, whether it be through mining or through construction. 

Didn’t the Clean Water Act rules previously distinguish between ’TiH” for constructive purposes 
and waste disposal? 

Before 1977, the regulations of both USEPA and the Army Corps of Engineers defined 
“fill material” as “any pollutant used to create fill in the traditional sense of replacing 
an aquatic area with dry land or changing the bottom elevation of a water body for any 
purpose”. This deflnition does not make the distinction posed in the question. 

In 1977, the Corps amended its regulations to add a “primary purpose” test that 
excluded material placed to dispose of waste from the definition. While this rule was in 
effect, some groups contended in litigation that fills constructed of excess spoil from 
mining operations were barred by this primary purpose test. Notwithstanding this 
contention, the Corps continued to approve such fiils under section 404 of the Clean 
Water Act while this rule was in effect. 

In 2000, the USEPA and the Corps recognized that their different rules on the same 
subject resulted in some confusion for the regulated community and proposed to modify 
their fill definitions so they were the same. These rules were finalized in 2002. As 
finalized, the rules provide that fill material means “material placed in waters of the 
United States where the material has the effect of (i) replacing any portion of a water of 
the United States with dry land; or (ii) changing the bottom elevation of any portion of 
a water of the United States. These rules do not make the distinction posed in the 
question. 

Isn't the purpose of the Clean Water Act to prevent the destruction of waters for the purposes 
of waste disposal? 

Section 101 of the Clean Water Act lists the Act’s goals and objectives. This purpose is 
not listed among them. Section 404 of the Clean Water Act allows the Corps to permit 
filling of waters. Fills placed for construction purposes arc comprised of rock and dirt. 
Fills that are placed to facilitate coal mining are also comprised of dirt and rock. The 
type of material used as fill in either case is the same. In the mining scenario, though, 
there are additional environmental protections not present in the construction scenario. 
As described above, under the surface mining scenario the rock is drilled and analyzed 
to identify rock layers that arc potentially toxic or acid producing. These rock layers 
arc excluded from the fill and targeted for special handling so as to prevent them from 
causing water pollution. 



103 


3. We heard from the EPA witness and again from Dr. Palmer that there is a strong and 
growing body of science indicating both the importance of protecting headwater regions and on 
the adverse water quality impacts of streams below valley fills. 

Are you familiar with the seven pages of studies that Dr. Palmer cites in the While Paper she co- 
authored with Dr. Emily Bernhardt of Duke? 

Are you familiar with the dozen studies that Mr. Pomponio cited in his written testimony? 

First, wc would like to say that wc are familiar with the references cited by Mr. Pomponio. 
In fact, most of these publications were available for consideration for the Programmatic 
EIS on Mountaintop Mining developed by USEPA et. al. in 2003. Three of the studies 
cited are simply statistics on coal production and associated fees paid by the industry. The 
“new” science is primarily limited to the 2008 Pond / Passmore publication in JNABS. 
WVDEP is very familiar with this study and will be working with USEPA to further 
understand the findings of the paper and hold discussions on how future regulatory efforts 
may be adjusted. 


With respect to the 126 publications cited in Dr. Palmer’s ’White Paper’, I can honestly 
state that neither I nor my staff have reviewed each and every publication cited in this un- 
reviewed and relatively new document. With that said and similar to my comments on Mr. 
Pomponio’s references, much of this information was available for consideration for the 
2003 Draft Programmatic EIS on Mountaintop Mining. However, the references also 
include articles or papers that have little or nothing to do with the issue at hand (e.g., 
Exotic riparian vegetation lowers fungal diversity but not leaf decomposition in Portuguese 
streams and another on the origin of lunglessncss in Plethodon salamanders). 

Dr. Palmer’s paper docs cite new and relevant information about ecosystem impacts and 
restoration. Consistent with my responsibility to keep abreast of the best available science 
for protecting West Virginia’s waters, WVDEP staff will be reviewing in detail the relevant 
studies cited. 


Do you believe that it is your job as the top environmental ofTicial in West Virginia to be familiar 
with the best available science on issues relating to the protection of West Virginia’s waters? 

Yes. My agency is using the best available science to protect against flooding caused by 
mining operations, to promote restoration of native hardwood forests on mine sites and 
investigate claims that well water supplies have been contaminated, diminished or 
interrupted by mining. In these cases, the science has been thoroughly developed and 
incorporated into the regulatory program through the legislative, rulemaking and 
policy-making processes - and in some cases - litigation processes. These processes 
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provide for transparency in the incorporation of sound science into sound regulatory 
approaches. The science can be vetted in the public’s eye and any stakeholders may 
have their perspectives considered. Science should not be rushed from the latest 
research paper and adopted as regulatory policy without this transparency in the 
process. 


4. On a West Virginia Public Radio Program earlier this year, you said, ^‘Mainly what we 're 
concerned about as regulators is the ability to develop land after mining. You need valley fills if 
you 're going to have a viable post mining economy. You need flat land. And in order to have 
flat land, you need to have valley fills, and one of our biggest concerns is that EPA is wanting to 
reduce the size and number of valley fills in Appalachia. " 

Is it your agency’s mission to level sites for development projects or is it — as the name 
suggests — to protect the environment? 

If one were to listen to the entire interview I conducted on Public Radio to which you refer, 
it should be obvious the context of that interview was related to the recent failure of 
USEPA to continue following established procedures for making permitting decisions 
regarding valley fills and not a general statement about the mission of WVDEP. My 
comments over West Virginia’s concern about not being able to ever create valley fills 
again was specific to USEPA ’s policy change which would effectively eliminate West 
Virginia’s ability to create land for a post mining economy for which the Surface Mining 
Act clearly provides. So, in the narrow scope of the issue about which I was being 
interviewed, that was and remains “one of our biggest concerns.’’ The mission statement of 
the agency is “Promoting a Healthy Environment” and we take that mission very seriously. 


How many valley fills are there in West Virginia? (The EIS — now 10 years old — said there are 
5858 valley fills in WV and KY in the study area, so there are at least that many in the region.) 

In Table III.K-I of the EIS, which was published in 2005, 6,697 valley fills were identified in the 
four state study area of Tennessee, Virginia, Kentucky and West Virginia, with 1,147 of those fills 
identified as being permitted in West Virginia. The data was gathered from permits issued from 
1985 until 2001. On Page lll.K-31, the EIS estimated that 75 percent of these were already or may 
have been constructed. Currently, there are 1,579 filb permitted in West Virginia. The difference 
between this number and the number in the EIS is the inclusion of fills permitted prior to 1985 and 
after 2001. 


How many of these have been developed for transportation or industrial uses? (VA tech 
professor estimates less than l%.) 

This question appears to assume that the only reasons fills are permitted is for 
transportation and industrial post mining land uses, which require a variance from the 
requirement of surface mining law to restore the approximate original contour (AOC) 
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of the land. This is incorrect. Nearly all mining activity in the steep slope terrain of the 
southern West Virginia coalTields generates more spoil material than can be used in 
reclamation of the mined area. This is because the loosening of rock and earthen 
material in the mining process causes this material to occupy a much greater volume 
than it did in place where it had been compacted by millions of years of the effects of 
gravity and weathering. This excess spoil must be placed somewhere outside tbc mine 
area. Excess spoil disposal is required for all surface mines in this area, even those that 
arc restored to AOC. For example, since 2003, 129 permits have been approved, out of 
which only seven were granted mountaintop or steep-slope variances from AOC 
requirements. Yet, more than 90 percent of surface mines require fills for excess spoil 
disposal. 


Even among mining operations that have received approval of a variance from the AOC 
requirement for commercial, industrial, residential, transportation or other 
development as a post mining land use, the development is generally planned for the 
mined out area, not the filled area. So, it is not surprising that the professor of whom 
you speak estimated that a very low number of fills have been developed. 


As for development of mine sites, this opportunity is very important in the southern West 
Virginia coal mining region where no flat land exists. To assure that these opportunities 
arc not lost, this year, the state has adopted legislation that requires a mine’s post-mining 
land use to comport with county master land use plans that are developed by local 
economic development officials and approved by the State’s Office of Coalfield Community 
Development. These master land use plans target lands that are proximal to transportation 
or other infrastructure for development, so these areas of the state, which historically have 
had little economic activity other than coal mining, can develop sustainable post-coal 
economies. 

According to the 2003 Draft Programmatic Environmental Impact Statement that WVDEP 
participated in preparing, mountaintop mining had already resulted in the loss of 1,189 square 
miles of forests. That’s almost as big as the entire state of Rhode Island. Do you have any data 
suggesting that the state has businesses ready to come in and develop 1 ,200 square miles? 

The EIS’s estimate of 1,189 square miles included parts of four states. The estimate for 
West Virginia was 173,174 acres or 271 square miles. That number was derived from the 
number of acres permitted in tbc ten years prior to the EIS study. The number was then 
doubled to reach an estimate for ten years after the study. 

It is inaccurate to characterize this permitted area as “lost” forests. To do so requires one 
to assume that there will be no reclamation of mined lands, in violation of state and federal 
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surface mining laws. Every bit of the area permitted will be reclaimed in compliance with 
the revegelation requirements of the law. 

Early in this decade, the ofTice of Surface Mining Reclamation and Enforcement (OSMRE) 
initiated its Appalachian Regional Reforestation Initiative with a goal of restoring native 
hardwood forests on mined lands in the region. Research previously conducted by leading 
universities in the region as well as research sponsored by OSMRE was used to develop the 
Forestry Reclamation Approach (FRA). West Virginia has been a leader in applying the 
FRA. In 2008, the FRA was applied to 85 percent of all area permitted for mining in West 
Virginia. For each of the previous five years, the percentage of acres permitted for 
reclamation using the FRA was approximately the same. While all of the acres to be mined 
will be reclaimed, a very high percentage will be reclaimed to native hardwood forests 
using the best available science. 

Does the state of WV really believe that mountainlop removal is an issue of “jobs versus 
mayflies” as you have stated? 

I have never made this statement. 

5. At a Surface Mine board Hearing on June 9, 2009 regarding a permit for a mine near the 
Oauley River National Recreation Area, opponents of the mine argued the permit should not be 
renewed because the company was in ongoing violation of its NPDES permit. In response, 
WVDEP’s lawyer argued that, if that were the rule, it would shut down all mining and that no 
permits would be renewed. This implies that no coal company in the stale is in compliance with 
its permit. Yet in your testimony you indicate that mining companies are generally in 
compliance with NPDES permit, 

These positions seem inconsistent. Can you explain? Are coal companies in West Virginia in 
compliance with their NPDES requirements? 

I believe (he compliance rate is good. For (he first quarter of 2009, there were 2,143 
exceedences of applicable NPDES effluent limits by mining operations in West Virginia. 
This is out of approximately 172,800 data points that were reported, which when using 
the formula below equates to a violation percentage of 1.24 percent, or a compliance 
rate of 98.76 percent. 

(This percentage was determined from and an average of 5,760 outlets reporting flow 
per month times two types of limits |a monthly average limit, plus a daily maximum 
limit for each month) times three months tiroes five parameters = 172,800. This equates 
to (2,143 divided by 172,800 times I00%.) 

Does your department have a policy about issuing NPDES permits to firms that are in on-going 
non-compliance? 
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The WVDEP does not issue NPDES permits to people who arc unable to demonstrate 
that they are capable of complying. Where a permit has been issued and the permittee 
fails to comply, the agency takes enforcement action. 

6. You list a number of ways you believe the WV DEP’s water programs with respect to 
mining are superior to other states’ programs. 

How many of those improvements are the result of litigation, from community groups or others? 


Some of these improvements have come as the result of litigation. In each case, though, 
the changes that have come through litigation have also passed through legislative, 
rulemaking, or policy-making processes, which have provided transparency and 
considered stakeholder input. 
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Senator James M. Inhofe 

1 . Can you explain in detail how West Virginia’s economy depends in large part on 
mountaintop mining? 

See answer to question #2. 

2. Can you describe the economic impacts that the administration’s proposed MOD will 
have on West Virginia’s budget? 

Mountaintop mining is only one type ot surface mining. As I have previously stated, valley 
Alls are not specific to mountaintop mining, but are a necessary component of all types of 
surface mining. While the stated purpose by USEPA underlying the debate is to look 
specifically at mountaintop mining, the primary impact being discussed as the means for 
being able to curb, control or eliminate it is valley fills. So, I must answer this question in 
relation to how the loss of valley fills will impact West Virginia’s economy. 

Forty percent of West Virginia’s coal production comes from surface mining activities and 
much of the underground production depends on this surface production in order to 
achieve a marketable and more environmentally friendly product which is created through 
a blending process. It is likely that the loss the US Army Corps of Engineers ability to 
permit valley fills would eliminate most surface production and subsequently impact the 
quality of the underground production to a point that overall coal production in West 
Virginia would be severely hampered. Eight of the twelve counties that account for the 
most surface mine production in West Virginia actually produce more than 50 percent of 
their total coal production from surface mining. 

According to West Virginia’s Department of Tax and Revenue, the total estimated value of 
coal production in West Virginia in 2007 was S6.76 billion. Severance taxes in 2007 were 
S418 million and severance taxes from surface mining alone was $167 million. In addition 
to the 6,000-plus surface mining jobs, these severance taxes pay into the general revenue 
fund and make up a large portion of the total revenue used by these counties for schools 
and other government services. 

3. Mountaintop mining is an issue that environmental groups consistently rally against. 
However, they only seem to tell one side of the story. Please explain about the process behind 
and the results of reclamation in West Virginia. How are these former mine sites used today? 

All surface mining must be reclaimed in accordance with the law as established by 
SMCRA. More than 80 percent of all surface mining today is reclaimed using the Forestry 
Reclamation Approach, which is designed to re-establish the native hardwood forests. This 
reclamation approach leaves the soil very loose for good root attachment, reduces the 
velocity of runoff, and recharges the groundwater tables much more effectively than the 
traditional compaction and revegetation methods of the 80’s and 90’s, We are very 
confident that time will prove this to be the best way to reclaim surface mined lands. 
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As for the remainder, there have been numerous success stories for legitimate eeonomic 
value on previously mined land. Attaehed is a list of many of those projeets. We 
acknowledge that not all reclaimed mine land is suitable for eontribution to a post mining 
economy, which is why Governor Manchin sought and the Legislature passed Senate Bill 
lOI I this past legislative session, which calls for detailed planning and coordination 
between landowners, coal operators, and local planning and development authorities to 
eome together to establish the future needs of loeal communities as they prepare for a post 
mining eeonomy. 

4. One of the witnesses on the second panel, Maria Gunnoe, has written statements, 
posted by anti-mining websites, claiming that West Virginia Department of Environmental 
Protection is, “not there for the citizens, they’re there for the coal companies...” She also said 
that, “In some cases they even lie to the citizens in order to continue the work on the 
mountainlop removal site.” 

Do your agency and its employees perform their jobs in a professional manner? Is there mission 
to serve to citizens of West Virginia? Do they fulfill that mission? 

Absolutely. The staff of WVDEP is committed to protecting people and their communities 
from the adverse impacts of coal mining. There are always issues that need to be addressed 
and our staff responds to those issues in a timely manner with concern and compassion. 
Often the result of a citizen’s complaint will be violations and fines for unlawful events that 
have taken place. 

She also stated that “everyone downstream from where that mountainlop removal site is gets 
fiooded and their wells are contaminated. My well is contaminated. Can’t drink my water. I 
buy on average about $250 worth of water a month.” 

i, Based on your knowledge of the site involved, are all of the wells downstream 
from the mining operation contaminated, including Ms. Gunnoe’s? If so, is 
your agency enforcing the requirements of SMCRA, requiring protection of the 
hydrologic balance? 


The WVDEP does not have any objective basis to believe that wells downstream from 
this mining operation are contaminated. If the wells downstream from mining near Ms. 
Gunnoe’s residence are alleged to be contaminated from mining, no one has made these 
allegations to the WVDEP. There is a formal process for investigating citizen 
complaints of violations including well water contamination caused by a mining 
operation, which includes providing the citizen with the resuits of the investigation and 
whether enforcement action was taken. The citizen has a right to appeai if the agency 
fails to take appropriate action in response to a citizen's complaint. Ms. Gunnoe is well 
acquainted with this process. The agency has investigated 22 citizen’s complaints 
concerning the operation that is upstream from Ms. Gunnoe, including I i such 
complaints from Ms. Gunnoe (Ms. Gunnoe has made citizen’s complaints concerning 
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other mining operations as well.) None of these 22 complaints alleged that groundwater 
or water well had been contaminated. The majority of the complaints concerned 
blasting. 

The WVDEP docs enforce the requirements of the state SMCRA program concerning 
protection of the hydrologic balance, including the requirement that a mine operator 
replace the water supply of a resident that has been contaminated, diminished or 
interrupted. The procedure in the case of a complaint of well contamination is for an 
inspector to investigate, with assistance from an agency hydro-geologist. Where well 
water loss or contamination is found to have been caused by a mining operation, the 
agency’s policy is to require the operation to supply drinking water to the residence 
within twenty four hours, temporary water replacement capable of serving the whole 
house within seventy tsvo hours, and begin whatever construction (connection to public 
water supply, replacement well, etc.) is necessary to provide a permanent water supply 
replacement within 30 days. In the past ten years, the WVDEP has investigated more 
than 1,200 claims of well water impacts from mining operations and ordered 
replacement of water supplies where appropriate after analysis of the facts and 
application of principles of hydro-geologic science. 

The provisions of federal rules under SMCRA that provide protection for flooding only 
have a general requirement that mine operators “provide protection against flooding 
and resultant damage to life and property”. The West Virginia regulations go well 
beyond federal requirements by mandating that each surface mine applicant conduct a 
detailed Surface Water Runoff Assessment (SWROA). A permit will not be issued for a 
proposed surface mining operation unless the SWROA shows that there will be no 
increase in peak runoff into area streams during storm events. Even though this 
requirement was not in place when the mining operation on the mountains above Ms. 
Gunnoe's residence was permitted, the WVDEP required a SWROA to be conducted 
when this requirement was added to the state program. One of the evaluation points 
for evaluating peak runoff in the SWROA conducted for this operation happens to be in 
the creek in front of Ms. Gunnoe’s house. The analysis used three scenarios - before, 
during and after mining - to determine peak runoff from the upland area. The analysis 
found that peak runoff during and after mining was less than it found in the before 
mining scenario. 
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Examples of Development on Mined Lands 

King Coal Highway •• (See Attached) 

King Coal Hlghway/Coalfields Expressway and Industrial Park (McDowell County) 

Robert C. Byrd High School (Harrison County) 

Mount View High School (McDowell County) 

Several Shopping Malls - Morgantown, Grandview, Logan, Clarksburg, Beckley 
Columbia Wood Products (Nicholas County) 

Wood Products (Mingo county) 

Twisted Gun Golf Course (Mingo County) 

Pete Dye Golf Course (Harrison County) 

Southwest Regional Jail (Logan County) 

Logan Airport (Logan County) 

Mt. Olive Correctional Facility (Fayette County) 

Hatfield and McCoy Trail (Logan County) 

Chief Logan's Conference Center (Logan County) 

Federal Prison (McDowell County) 

Cabela's (Wheeling) 

Aqua Culture- raising Fish (Mingo County) 

New Hope Village - homes for 70 families (McDowell County) 

Anker Sports Complex (Monongalia County) 

Beckley Soccer Complex (Raleigh County) 

FBI Complex - (Harrison County) 

Proposed High School in Mingo County along King Coal Highway 
Proposed Airport in Mingo County along King Coal Highway 
Knight of Columbus Community Park (Tucker County) 

Davis Cemetery (Tucker County) 


Morgantown Hall (Monongalia County) 
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► Hilltop Huntine Preserve (Boone County) 

> Beckley YMCA Soccer Complex (Raleigh County) 
k Mountain Greeneries (Fayette County) 

k Earl Ray Tomplin Industrial Park (Logan County) 
k Animal Shelter (Hancock County) 
k Proposed Motor Sports Park (Mingo County) 
k AT Massey Regional Office Complex (Boone County) 
k Matan Park Sport Complex for Handicap (Monongalia County) 
k Monongalia School Bus Terminal (Monongalia County) 
k Twin Hollow Campground (Mingo County) 
k Bearwallow Trail Head (Logan County) 
k Rockhouse Trail Head ( Logan County) 
k Pinnacle Rock Trail Head (Wyoming County) 
k Public Fishing Area - Rockhouse Lake (Boone County) 
k Numerous Windmill s on the Allegany front (Grant County) 
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King Coal Highway with Permits 



Mingo County Land Use Master Plan 

Adopted November 28, 2001 
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Senator Cardin. Thank you very much for your testimony. I ap- 
preciate it very much. 

Maria Gunnoe. First of all, congratulations on the award that 
you received. That is quite an accomplishment. 

Ms. Gunnoe. Thank you, thank you very much. 

STATEMENT OF MARIA GUNNOE, ORGANIZER, OHIO VALLEY 
ENVIRONMENTAL COALITION 

Ms. Gunnoe. My name is Maria Gunnoe. I am from southern 
West Virginia, Boone County. Boone County is the No. 1 coal pro- 
ducing county in West Virginia, next to McDowell County, and they 
are both equally impoverished. 

Energy that is produced from mountaintop removal coal mining 
is, basically it is bringing temporary jobs. This is temporary en- 
ergy. And the destruction is permanent. We get what is left. 

I hear a lot of professionals, if you will, defending mountaintop 
removal mining in the name of economic development and that is, 
quite honestly, not true. There is no economic development desired 
if people do not live there. If people cannot live in these areas, 
there is no need for shopping malls. There is no need for infrastruc- 
ture if people cannot live there. 

Basically, what goes on where we live at, there is a massive 
amount of blasting that goes on around our homes. And this blast- 
ing, of course it is unnerving to the people that have to live in 
those conditions, and I am one of those people. What it does to our 
air quality is horrible. Myself and my children actually suffer from 
the causes of the blasting at this mine site. 

My home is located here. This is the top of my house. Our prop- 
erty, we have acreage, a lot of acreage, that covers this area here. 
This is the mine site behind my home. This here is the valley fill. 
There are two ponds at the toe of this valley fill. These ponds are 
to settle out the coal mines that wash through this massive oper- 
ation. And in 2003, these ponds failed and when they failed, they 
devastated my home. It literally washed away about five acres of 
my land, turned it into a landslide and washed it away. 

At that point, I began organizing in the communities that I live 
in. This is the people that I live around, the people that I grew up 
with. This is a common impact. When you have a valley fill, what 
you have is not only polluted water, but you have a mountaintop 
removal site that is allowing this water to run freely, there is noth- 
ing slowing it down, into this valley fill, which has two ponds that 
sit at the bottom of it, and it causes catastrophic flooding. This is 
not only me. This is on people throughout the area I live in. 

The blasting is one nightmare. But the water pollution is hor- 
rible. We can live without energy in West Virginia. But we abso- 
lutely cannot live without good, healthy, clean water. 

One of the things that I feel compelled to address is jobs. In 
1950, we had 150,000 coal mining jobs in the State of West Vir- 
ginia alone. Today, we have less than 15,000 coal mining jobs. 
Now, you will hear a lot of difference in those numbers. But, hon- 
estly, I am talking about coal miners. I am not talking about the 
people who work in the office. I am not talking about the people 
that work in the janitorial departments. I am talking about the 
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coal miners, the people that actually mine coal. There are less than 
15,000. I have heard 12,000. 

But this is not about jobs. The mountaintop removal absolutely 
is not about jobs. Mountaintop removal is a human rights issue. 
Myself and my children have a right, as United States citizens, to 
clean water. And that right is being taken away from us in the 
State of West Virginia. 

And there is no replacing that. You cannot replace my water. 
You can give me city water access, but you cannot replace the 
springs and the streams and the well water that has sustained our 
lives for hundreds of years. There is no replacing that. There is no 
reclaiming the land that has been destroyed. It will never be again 
what it once was. 

We need to decide, as a Country, is it really, can we really keep 
doing this? Can we really keep flattening mountains to produce en- 
ergy? I say no. Because there are only so many mountains and we 
will run out. We will run out of coal. The USGS suggests that we 
have 20 years of mineable coal left. We need to start making a plan 
right away so that we do not leave our children in area of devasta- 
tion: no water, no energy and no plan. We need to think about 
what we are doing to our children. 

[The prepared statement of Ms. Gunnoe follows:] 
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Maria Gunnoe 

Coal field Resident and Organizer in the affected communities for the Ohio Valley 
Environmental Coalition, www.ohvcc.org 

The Senate Committee on Environment and Public Works, Subcommittee on Water and 
Wildlife 

"The Impacts of Mountaintop Removal Coal Mining on Water Quality in Appalachia.” 
THURSDAY, JUNE 25, 2009 
3:30 p.m. 

Room 406 of the Dirksen Senate Office Building 


My name is Maria Gunnoe. 1 am 40 years old and I am a life long resident of Boone 
County in souUicm West Virginia. My family history there goes back to the I700’s. I 
know the areas and the people that are being impacted by mountaintop removal very well 
simply because this is the homeland where generations of our ancestors before me have 
raised their families and lived their lives. Most of these families have depended on 
underground coal mining to make a living but we as a culture of people liave depended 
on these mountains to take care of our families. Wc arc gatherers, hunters, gardeners. 
Fishermen, active and retired miners, loving community members, we are stewards of this 
land and we are now organizers. We are working to protect and preserve the 
communities, culture and people that we love and hold dear to our hearts 

Water Quality Impacts 

There is a relatively new method of mining now happening in the coal fields of 
Appalachia called mountaintop removal coal mining. This method of mining is where 
the coal companies use nearly 4 million pounds of blasting material a day (in fVyalone) 
to blast the coal out of the mountains. Then everything other than the coal (including 
trees and topsoil) is used to create valley fills in our headwater streams. The artificial 
streams running off these sites are toxic with selenium. 

The energy is temporaiy energy. You only bum coal one lime. The desiruciion of the 
land, air, communities and people is pcmiancnt. There have been 500 mountains leveled 
for their coal and energy in the name of homeland security. Tlicsc 500 mountains were 
surrounded by communities who depended on ihc mountain's resources and water for 
their vciy existciKC. There have now been more than 2000 miles of siream.s buried by 
valley fills. People depended on these streams as much as any animnLs. The cumulative 
impact of the permits that arc being allowed in sonic incidents are funlier depopulating 
and destroying communities and people. The regulatory ugcncics turn a blind eye to this 
pollution hy continuing to allow the companic.s to buy more time to come in compliance 
with the existing laws. Without enforcement these laws are only words on paper. 

Local communities truly do not have a voice in the process of these petmits. The DEP 
will set up what is called an informal conference to infonn citizens of what the DEP and 
coal companies are planning to do and to give conrniunity members a chance to 
comment. These comments are recorded and we are told that they become a pan of the 
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permit record. In these hearings the citizens often beg die regulatory agencies to not 
allow these permits but commonly they approve every permit applied for. The people 
who live in these communities do not want mountainlop removal mining. Especially near 
their homes and communities simply because it is destroying everything they and their 
families before them have worked for. 

In the 8 years of the Bush Administration the laws and courts were aligned to destroy any 
protection that we had for these beautiful and unique places and their people. The clean 
water act lost its meaning when the Bush Administration changed raie word of this law - 
the definition of fill material. Another important rule, —the buffer zone rule- that 
protected our streams was done away with on the eve of Christmas 2008. With thi.s rule 
change the Bush Administration opened us as residents up to nothing but destruction. 

There are health impacts too. A study by Dr Michael Hendtyx at West Virginia 
Univereity has proven that there is reason to be concerned about the pollution that the 
people throughout the coalfields are being exposed to. This study has not been taken 
seriously by our stale leaders or our state regulatory agencies as a matter of fact it has 
been ignored. Portions of this study were based on the community of Twilight near 
where I live. Twilight Surface Mines surrounds the small communities of Lindytown and 
Twilight and the people who live there either put up with the impacts or leave. 

The blasting has been honible and the community’s members concerns arc not being 
heard. There is near 4 miiiion pounds of blasting material used each day in WV alone. 

At one point the department of defense and Department of Environmental Protection 
allowed the coal company to dispose of old munitions from war {called tetryy! its used as 
an igniter} on the mine site behind my home, it was too dangerous to use in war so they 
thought they would dispose of it in our community over our people’s heads. 

We have for many generations depended on the water from these mountains. Now this 
water is being polluted forever, In the case of Big Branch Creek where I live if is now 
polluted with toxic level of selenium. This is also present in my well water. This was 
quietly done by the coal company and the regulatory agency permitted it. The entire 
aquifer of where I live is now pollution spill way. The loss of timber from our hollow 
alone will be felt for thousands of years to come. There is no way that the reclaimed land 
can grow the hardwood fore.st that the natural land docs. This land is dead, it's 
impossible to grow a healthy forest on dead polluted land. Reclamation is a pretty word 
but on the ground it has been proven to be impossible. 

Culture 

My family before me settled these mountains through the forced removal of the Cherokee 
known as the trail of tears and most of my neighbors have a similar story. My grand 
father told me the story his mother told him of the men in the family dressing as women 
to allow the women and children to escape this forced removal. The women and children 
then followed the rivers to their headwaters and settled the area wliere 1 now live. 
Throughout the past 250 years our familie,s have built these places tJirough determination 
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and love for the place itself. The mountains here sustained our families by supplying us 
with an abundance of food and fresh clean water in our wells, springs and streams. 
Southern West Virginians are fortunate enough to live in die second most bio-diverse 
region on this planet. This is richness beyond wealth. As residents we recognize our 
most valuable resources as being our land, water and people not the coal that lies beneath 
it all. Our people were here before the coal was discovered. Why should we have to 
leave now in the name of coal? 

Some of our current resident’s ancestors were awarded their land for military service to 
this country. Now this very land being destroyed and the re.sidents don’t have the rights 
to protect it. Appalachians are the history of this country. We have given all to build the 
infrastructure that supports this American dream that we all share. We help to supply 
48% of this country’s energy and the cost of this is never truly calculated. I have heard 
coal referred to as a cheap and clean energy. This ignores the facts. The facts are that the 
true cost of coal fired energy has never been calculated. We must consider the cost of 
coal from the cradle to the grave. We must consider the cost of mountaintop removal 
coal mining uot only the aquatic life and the wildlife where this coal is being extracted 
but on the human lives of everywhere it touches. 

I have to ask what about the homeland security of tiie folks that are being forced to sell 
out to the coal companies in Lindyto\vn W.V? The people who proudly built this 
community are being told that they are in the way of coal production and that they must 
leave their homes of many generations. The coal company engineers strategically buy 
out homes and family heir owned land to depopulate communities by making life 
unbearable. Their air land and water are being destroyed by mountaintop removal there 
is no way people can continue to live here and be healthy. They are being forced to leave 
home places of many generations to save their lives. This alone is personally and 
emotionally devastating. The boom of “Big Bertha” -- a dragline -- swings over the 
community of Lindytown, Blasting is frequent and terrifying for residents that are 
holding out not wanting to sell 

This same “clean coal” that forced an eider woman out of her home who happened to die 
of a heart attack while she packed her belongings for the first time in 72 years. She too 
was in the way of production. The people in Lindytown were only free to leave. Why is 
it as homeland security increases here in DC ours only gets less and less likely to even 

exist? 

In our mountains we have many mountain cemeteries that date back to the beginning of 
civilization here. We are grounded like our ancestors before us. These cemeteries are 
awarded no protection by our rcgulato’’/ agencies or law enforcement. We as citizens are 
expected to register and account for these eemeteries in order to protect them from 
mining activity and most of the time the coal companies won’t allow us into our family 
cemeteries to do this work. They slop us from visiting our dead by locking us out of our 
ancestral land in these mountains. ! know of many grave yards that were in our 
mountains that no longer exist. The areas where they were are now gone. 
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The people here belong no where but here. These folks wiU thrive in their own 
environment but taken away from here they will perish as th^ are not where they 
belong. The culture of people in West Virginia is a culture of survivalist not ; 

environmentalist. We have survived here throughout times of extreme poverty during the | 
rise and fail of the coal markets. We have always had the land to sustain our lives. Now 
the very reasou for our existence as a culture of mountain people is being annihilated for 
its coal. 

Jobs 

Boone County falls second in poverty only to McDowell County, WV another leading 
coal producing county. This is still the most impoverished area in the US today. If 
mountaintop removal was about jobs and prosperity where is it? In the i960’s we had 
125,000 direct coal mining jobs in the coal industry in WV, but now we have less than 
12,000. Ask yourselves is this really about jobs or profit and exploitation? These jobs 
are temporary jobs at best. The operation behind my home started in 2000. It is now 
closed down. These good paying jobs only lasted long enough for the employees to get 
in debt. 

I have watched as coal companies have destroyed one of the most beautiful places in this 
country by mountaintop removal coal mining. The people who live in these areas are 
often retired or active UMWA underground miners and their families. The people who 
work in mountaintop removal most often do not live in the environment that their jobs 
create. The companies are out of state coal companies and the workers are out of area 
workers. The companies commonly do not hire local people. 

The coal companies will tell all that will listen that they are doing this for future 
economic development of an impoverished region. They will say that we don’t have any 
flat land for development. They will tell you that we need this flat land and that our 
mountains are useless land in their natural state. 1 have even heard them say that the 
mountains are in the way of development. There will be no future here for anyone with 
mountaintop removal. I cannot believe that we as a nation are depending on continuing 
to blow up mountains to supply energy in this country when the energy we need in this 
country rises with the sun everyday and blows in each chum of the wind. The ridges of 
southern WV are wind viable ridges until they arc blown up. We cannot continue to 
allow this to be called clean coal. 

Stop Mountaintop Mining 

In my own mind I know that mountaintop removal coal mining will stop. According to 
uses we are running out of mineable coal and we are quickly running out of mountains 
in Southern, WV. Global warming is very real, We are all just pawns on this chess 
board called earth. 1 hope that we can .stop mountaintop removal and coals global attack 
soon enough to preserve some of what is left of one of the most beautiful and 
ecologically diverse places in this country. The rolling hills of Appalachia are becoming 
the flat plateaus of the West as I speak. 
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We have the opportunity to stop the annihilation of mountains and people by 
mountaintop removal and to change the history of energy in this country. We are at a 
cross roads. We must put all special interest aside attd follow what we know to be best for 
all of our future generations. Stop the attack on Appalachia’s water supply and the 
people it sustains. 

Thank you again to Senator Cardin and Senator Alexander for standing up for what any 
fellow human knows to be the right thing. 

I would like to extend my tremendous appreciation to Senator Cardin and Senator 
Alexander for introducing Senate Bill 696 the Appalachian Restoration Act. This Bill if 
passed could turn back some of the Bush administration changes that is currently 
allowing coal companies to destroy valuable headwater streams and all that is connected 
to them. The residents I work with in the Boone County coal fields send their support for 
this bill as it is in some cases the only hope we have of remaining in our ancestral homes 
and in our ancestral homelands. 

I leave you with photos and a recent article about flooding in the coalfields caused by run 
off from flattened mountains. 

This is what inspired me to get involved in stopping mountaintop removal. There are 
other organizers just like me being created everyday by this industry. We have no 
choice but to oppose the practice of filling headwater streams, we live here! 

mt 

Below are supporting documents to be submitted with the testimony of Maria Gunnoe. 
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M.ars'h Fork Elementary School in Sundial, WV. 
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I live at the nioutii of the hollow in the bottom center of this photo by Antrim Caskey. 
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Maria Gunnoe’s home at the mouth of the hollow at the bottom center of the photo by 
Antrim Caskey, 
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More recent flooding from Ky an<i WV. Mountaintop removal has been proven to 
exacerbate and even cause flooding. 


The Logan Banner 

Devastation 

by MICHAEL BROWNING, Managing Editor 
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VARNEY A flash flood washed through much of Mingo County and the Man area, 

Friday night and early Saturday morning, causing mass destruction and at least two 
injuries. 

One death reportedly resulted from the fl(K>ding. According to reports to The Logan 
Banner, a Gilbert-area firefighter died after suffering a lieart attack while providing aid in 
the flooded areas, fhe Logan Banner was unable to conflmi the reported death at press 
time Saturday night, 

At lea.st two injuries were reported Saturday morning after a house reportedly collapsed 
in the Gilbert area. Those were also unconfirmed late Saturday night. 

Around I a.m., Saturday morning, flootl waters were rising in the Vamey area of Mingo 
County and a rush of water coming out of a hillside at Pie shoved tombstones off their 
gravCvS at the Marcum family cemetery. 

Residents in the flood areas began moving cars to higher ground and packing clothes and 
other items as they headed for safety. 


By 5:30 a,m„ roads were blocked in the Bclo. Delbarton, Taylorvillc, Red Jacket, Pie, 
Musick and Homepen areas. In Gilbert, several sections of Drowning Fork were washed 
away. Gilbert Creek suffered heavy damage to the road and several liomes. 

Residents of Bnino and Greenville and other areas near Man were evacuated from their 
homes and told to seek higher ground, 

State Route 8! 0 from Man to Gilbert and U.S. Route 52 going out of Gilbert we^x^ both 
blocked by debris and flood waters covering the highway. 
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State Route 65 from Belo into Delbarton was blocked in several places by swift-running 
w'aters. State Route 49 from Williarason to Matewao was blocked by rock slides and 
debris in the road. 

U.S. Army Sgt. Eric Parsley, who came home from Fort Knox to visit his mother for 
Mother's Day, made it all tlie way from Kentucky to Williamson, but had to turn around 
and got back due to the blocked roads leading to his mother’s home at Sprigg. 

At Hardy in Pike County, Ky., Corridor G was under water at the Veloci^ Market 
grocery store. Belfiy High School near Hardy was being used as a shelter. Several fire 
departments were also in use as shelters. 

At Lincoln City in Dclbaiton, families watched from their upstairs windows as Pigeon 
Creek ran like a river around their homes. Burch High School was surrounded by water 
and some of the rooms at Gilbert Higli School were flooded. The Mingo County Career 
Center at Delbarton also appeared to have suffered some flooding. 

The Gilbert High School baseball field was destroyed, as was the Little League field 
sitting nearby. 

Man High School’s prom, scheduled for Saturday night at the Lany Joe Harless Center in 
Gilbert, was postponed to next weekend. 

In the Gilbert area, Arville Cline and his wdfe, Georgetta, watched as the hillside slid 
down and moved their home several feet off its foundation. Arville Cline, the pastor of 
Sharon Heights Assembly church, said he and his wife made it safely out of their home. 

“We’ve lost 15 feet of tlie church parking lot,” Cline said. “We had a slide on our home 
and it shoved our home off its foundation and buckled the roof and the floor. Plus, there’s 
a potent! ial slide behind our office. We left our home at 3:30 a.m. and spent the rest of 
the morning in the church sanctuary as we watched the water take its toll.” 

At Varney, 93-year-oId Gamette Clark fought back tears as she assessed the damage to 
her home of several decades. Clark's house at Mustek Bottom had several inches of water 
inside and thick mud blanketing her front yard, something that had never happened in 
past floods — even in 1977, 

"Oh, isn’t this awful," Clark said as she looked at her home that had been badly damaged 
by the raging waters of Pigeon Creek. 

Chris Beckwhit, a Man resident and the post ina.ster at the Delbarton Post Office, was out 
early trying to figure out how he was going to get the post office open since his three 
employees were all trapped at Varney. 

Ralph Maynard of the Elk Creek area said he marked w! here water had been on his 
home during the 2004 flood and Saturday mor ning the water was five inches above that 
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mark. 

"This one is worse than the 2004 flood," Maynard said. 

Greg Dixon and Vickie Bailey walked over the rubble and mud that had covered the 
Marcum cemetery. He said the water rushed out of the top of the mountain. 

"This has to be caused by strip mining," Dixon, who takes care of the cemetery, said a,s 
he searched for missing tombstones. “All this came from the top of the mountain.” 

Just down the hill from where Dixon and Bailey found one of the lost tombstones rests 
tire grave of Taylorville businessman Wirt Marcum, whose tombstone was half covered, 
but was one of the few to survive the torrent. 

U.S. Route 52 in front of the cemetery was covered with several feet of mud. A path was 
cleared for one lane of traffic to travel between the mounds of muck. 

At Varney, R! alph Manuel and his brother, Frank, stood atop a badly damaged bridge 
and tried to dislodge trees and garbage trapped underneath that was causing water to 
flood Ralph Manuel’s yard. 

At Gilbert High School, a U.S. Army helicopter landed with a crew from the National 
Guard out of Parkersburg. Sgt. Alex Huffrnan said the flooded area is definitely a disaster 
area. 

"It’s the worst disaster I’ve ever seen and I was down at (Hurricane) Katrina and what 
I’ve seen in some of these small communities was woree than Katrina,” Sgt. Hufftnan 
said. 

Longtime Delbarton resident Bobby Robertson stood on the bridge at Lincoln City and 
watched as flood waters rose around houses. The bridge was halfWay under wa! ter and 
popping from all the debris crashing underneath. Rick Hatfield , a Varney native, was 
also at the bridge watching the flooding and said he had tried to get home to his wife and 
children, but couldn’t. He said his wife had to evacuate their home and took their young 
baby with her. 

Amanda Brooks and Cassie Dotson watched with friends as Pigeon Creek overflowed its 
banks. The two Varney natives braved the high waters to get to Delbarton to check on 
friends who were flooded. They watched as debris crashed into the bridge at Lincoln 
City. 

At Pie, Eddie Fields’ home cracked in the middle after flood waters washed the 
foundation away from one end of his home and broke a room away from the house. 

Curtis Marcum’s home at Lincoln City had nearly four feet of water in the downstairs 
section. He said! he'd never seen destruction like that in his life. 



138 


“My heat pump is completely underwater and I’ve lost stuffi wouldn’t take anything 
for,” Marcum said. 

Carl Thompson of Taylorville kept close watch as flood watws rose throughout the night 
and saw a neighbor's trailer wash into a tree in his yard. A building in Thompson's yard 
was rushed downstream by the current and he was trapped after his bridge went with it. 

“I sat out on the porch and watched it come up,” Thompson said. “Me and my wife 
thought we’d leave out the back way, but everything out back was under water. I watched 
my building float off and my neighbor’s trailer move over. It was scary. Once it started 
raising it came fast. It completely covered my fence and you couldn’t see the bridges.” 

The number of bridges destroyed by tlie flash flooding was in the double digits along 
Pigeon Creek, Island Creek and Gilbert Creek. 

Several community centers were being used to give flood relief, The American Red Cross 
was already in Mingo County by 5 p.m. Saturday and the National Guard was assessing 
the damage so troops could move in to help with the cleanup. 

“This is devastating,” Commissioner Baisden said as he looked over at Chafin Funeral 
Home in Delbarton that was surrounded by water early Saturday morning. “We 
encourage everyone to help their neighbors.” 

Gov. Joe Manchin was reportedly going to tour the Mingo County area this morning. A 
report said he planned to tour the Gilbert and Matewan areas. 

Mingo County Commissioner David Baisden was out early Saturday morning, as was 
Mingo! County Sheriff Lonnie Hannah. Baisden said "this is Mother Nature's wrath 
poured out upon us, I encourage those who pray to pray.” 

Several Department of Highways crews were dispatched throughout the two-county area 
to work on roads that were blocked or broken. Appalachian Power had crews out working 
to restore power to numerous communities. Tree-trimming companies had workers out 
cutting trees in Mingo County. 

© loganbanner.com 2009 
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Senator Cardin. Well, thank you very much for your testimony. 
You really do put a face on the issue. A lot of time we hear about 
the people who are affected, and I think your personal story is very 
compelling and I thank you very much for that. 

Dr. Palmer, with your permission, I think we are going to take 
about a 10-minute recess and we will be back. 

The Subcommittee will reconvene in about 8 to 10 minutes. 
There is a vote currently pending on the floor of the U.S. Senate 
and I will return as soon as I can cast my vote. 

Thank you. 

[Recess.] 

Senator Cardin. I apologize for the interruption, but we had a 
vote on the Senate floor. I think we will be OK and I will be to 
complete the hearing. 

Dr. Palmer. I look forward to your testimony. 

STATEMENT OF MARGARET A. PALMER, Ph.D., LABORATORY 

DIRECTOR, CHESAPEAKE BIOLOGICAL LABORATORY, UNI- 
VERSITY OF MARYLAND 

Ms. Palmer. Thank you. Good afternoon. I am very happy to be 
here. 

I have been researching streams and watersheds for more than 
25 years and, while I am a professor at the University of Maryland, 
I also have a home in West Virginia and my family is from the Ap- 
palachian regions of North Carolina. So this is close to my heart. 

There is irrefutable scientific evidence that the environmental 
impacts of mountaintop removal are substantial and they are per- 
manent. Related to this, I want to make three points today. 

First, as you have heard, many beautiful headwater streams 
such as the one in this photograph are destroyed when they are 
buried by fills. Headwater streams are exponentially more impor- 
tant than their size would suggest. In watersheds, they function 
very much like the smallest branches in our lungs that deliver oxy- 
gen that nourishes our entire body. Without them we would slowly 
suffocate. 

As headwaters are lost, the cumulative impacts are significant. 
The larger streams and rivers below become unable to support life. 

The second point I want to make is related to the pollution that 
results from the process of mountaintop removal. Chemicals that 
leach from the valley fills are a result of exposure of mine rocks 
to air and water, and this results in the movement of elevated lev- 
els of sulfate, aluminum, selenium and many ions into the water 
that permeates the watershed downstream. 

There is a very large body of science documenting this and, in 
fact, Mr. Huffman’s agency, the West Virginia DEP, has a very 
long list of mine-impacted streams on the 303(d) list. And this list- 
ing is influenced by contaminants that are in the water, not influ- 
enced by those in the stream sediments where they actually are 
largely stored. And, also, the stream sediments are where the fish 
feed and, of course, when we walk in streams, we are walking 
where these contaminants are stored. 

These contaminants move. They extend great distances down- 
stream with toxic effects on organisms. The levels of selenium that 
occur in these systems can cause things like huge curvatures of the 
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spine in fish, two eyes on one side of the head; there is no question 
that these levels of contaminants are a problem. Unfortunately, 
they also persist for a very long time even after the mines are not 
active. 

Now, let us talk about Mayflies for a few minutes. We have been 
hearing a lot of people saying, well, is it about bugs? Is it about 
bugs versus people? Well, absolutely not. It is about what the loss 
of Mayflies represents. 

We use rats to test for effects of toxic materials on humans. Well, 
guess what? For aquatic streams, for streams and rivers, we use 
bugs, small bugs that live in the streams. Their loss tells us some- 
thing is wrong with the streams below valley fills. And I can tell 
you that you would not find a single, credible scientist that would 
refute this fact. I certainly would not allow my children to wade 
and play in streams that have these levels of contaminants. 

The third point I want to make is related to, is there evidence 
that mitigation is actually working? And I am very sorry to say 
that, unfortunately, there is not evidence of that. Attempts to cre- 
ate streams to replace lost ones have been made by trying to make 
ditches with similar structural features to real streams. But there 
are no measurements demonstrating that they function like real 
streams. 

Just as an aside, in scientific jargon, structures are how things 
look and functions are how they work. 

Digging a ditch, adding rocks and diverting water to it does not 
make a living functional stream. No direct measurement of how 
streams function have been provided for streams that are created, 
or ones that are restored, in some cases for full mitigation credit 
after mining. 

Now, just to drive this point home, it is easy to understand the 
difference between structure and function when you think about 
routine health measurements. For example, my husband is a really 
good-looking guy. He is 6 foot 2 inches, he weighs about 185 
pounds which are his “structural features.” But guess what? He 
has really high blood pressure. He is at a high risk of heart dis- 
ease. Can you imagine a doctor giving him a clean bill of health 
without taking some measurements of how his systems are func- 
tioning? His blood pressure, his heart rate, his metabolism of glu- 
cose, et cetera. 

So, from a scientific point of view, it is equally unacceptable to 
say a stream is healthy ecologically just because there are rocks in 
it and there is water in it. 

In summary, Mr. Chairman and fellow Senators, mountaintop 
mining first causes permanent environmental impacts. Second, net- 
works of streams that are not directly touched by the mining activi- 
ties are biologically impaired because the water quality impacts 
permeate downstream great distances. Third, there is no evidence 
whatsoever that mitigation is replacing what is lost. Measurements 
of ecological functions are not even being done. 

Thank you. 

[The prepared statement of Ms. Palmer follows:] 
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Good afternoon Chairman Cardin and members of the Committee. I am Margaret Palmer 
and I thank you for inviting me to discuss scientific evidence of the environmental impacts 
of surrounding mountaintop removal coal mining, and the likelihood these can be mitigated 
using current restoration practices. 

By way of background: I am an environmental scientist with expertise on stream 
ecosystems and restoration ecology. I have been conducting research and publishing 
books and articles for more than 25 years, have served as a scientific advisor for the 
National Science Foundation, the National Center for Ecological Analysis & Synthesis, the 
National Center for Earth Surface Dynamics, as well as both international and regional 
scientific programs. While I am a Professor at the University of Maryland and spend most 
of my time in that great state, I also have a home in West Virginia. My ties to the 
Appalachian mountains go way back since my family is from western North Carolina, where 
I spent much of my childhood. 

Everything I am presenting today is based on current science from published peer- 
reviewed scientific literature. I have provided, along with this statement, a paper by myself 
and Professor E.S. Bernhardt from Duke University that not only includes more detail, than 
what is in this testimony but provides the citations to the scientific literature upon which my 
comments are based. My comments fall into two main categories: 

Part I - Environmental Impacts on Natural Resources 

1.1 . Magnitude and irreversibility of impacts; 

1.2. Consequences of losing headwater streams; 

1.3. Significance of cumulative impacts: 

1.4. Extent of downstream water quality impacts 

Part II: Scientific Feasibility of Mitigation 

11.1 Methods used to assess impacts and calculate required mitigation actions: 

11.2 Types of mitigation proposed 

Summary and Closing 
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Part I. Environmental Impacts on Natural Resources 
1.1. Magnitude and irreversibility of environmental impacts 

The impacts of mountaintop removal with valley fills (MTVF) are immense and irreversible, 
and there are no scientifically credible plans for mitigating these impacts. The process 
involves complete deforestation of a mountain summit, followed by blasting it with 
explosives to remove hundreds of meters of the mountain that cover the coal seam. The 
rocks and other ‘overburden’ are then pushed into valleys surrounding the site where they 
fill small streams. The valley fill which now sits on top of once forested streams is graded 
into a series of ‘stair steps’; water that was once absorbed by the mountain soils and 
associated vegetation, now runs rapidly into the fill and exits at its base into larger streams. 

The removal of vegetation from mined watersheds, and the alteration of valley contours on 
mined sites fundamentally alters the patterns of water flow through impacted valleys and 
changes how water is delivered to streams that are below the valley fill. It is important to 
understand that how water reaches a stream, and what that water has encountered as it 
moved toward the stream determine the quality of that water. Before they are destroyed by 
mountaintop mining, the steep, small streams receive most of their water from belowground 
(i.e., as groundwater) unless there has just been a heavy rain. This water arrives at the 
stream after infiltrating the ground around lush vegetation, soaking into the soil, and then 
moving laterally toward the stream (Fig. 1). As it moves through the soil, the water is 
purified and simultaneousiy enriched with nutrients that are necessary for the stream food 
web. Mining however removes hundreds of feet of soil, rock, and dead and living plant 
material. Even if the surface soils are stored and returned to the summit, the paths along 
which groundwater previously flowed to streams have been obliterated - the summit and its 
organic-rich iayers of soils which harbor ecologically important communities of bacteria, 
fungi, and burrowing insects are no longer intact stratigraphically. In fact, water reaching 
the streams that are left at the bottom of valley fills comes from the fill itself which, as I 
describe later, is so polluted that entire groups of organisms can no longer live in it. 



Rainwater infiltrates multiple 
soil layers rich in organic matter 


iiiiii 



Fig. 1 Groundwater moves into healthy streams after passing through vegetation and rich soil layers. 


2 



143 


There are now a number of peer-reviewed scientific studies documenting the fact that the 
hydrologic “regime” (source, timing, and amount of water flow) below mined sites is 
fundamentally altered. Since the flow regime is one of the key variables determining what 
types of fish, insects, and other aquatic organisms can live in a stream, even if the water 
coming out of valley fills could be purified before entering streams, the biological 
community will never be the same. Further, wildlife that were residents of the mined site are 
displaced or die and biota in the stream that was buried are killed. 

1.2. Consequences of losing headwater streams 

The streams that are buried by the valley fill are called headwater streams - they are those 
regions “where rivers are born” because their flow and associated biota, sediment, and 
dissolved constituents feed downstream waters - without headwaters, larger streams and 
rivers below lose the nourishment and source of clean water that fuels them. 



In their healthy state, many headwater streams have visible surface flow only part of the 
year, but ecological processes important to the entire watershed occur within them year- 
round; when surface water is not visible, many of the biota including salamanders, insects 
and crustaceans reside below the streambed surface or in small pools under rocks that 
retain water. In fact, headwater streams are among the most diverse streams in the world 
in part because they can harbor some species that are unique (/.e., the only place in a river 
network these species occur is in the headwaters). Headwaters also provide a refuge from 
predators and changes in temperature for some species, and are important spawning and 
nursery grounds for some others. 

In addition to being biodiversity hotspots, there is abundant scientific evidence that 
headwater streams play roles disproportionate to their size in watersheds. They are critical 
to nutrient cycling, water purification, and organic matter processing that fuel downstream 
food webs. The small ephemeral and intermittent streams within the river networks are 
conduits that transport water, sediments and dissolved materials from mountain tops to 
large river ecosystems. Shallow headwater streams have high contact between water and 
sediments, and thus exceptionally high rates of nutrient and organic matter storage and 
processing. The biological communities in headwater streams import hard-to-digest plant 
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material from forest products (leaves and sticks) and convert that material into high-quality 
fats and proteins (insects and salamanders) that are exported to downstream food webs, 

1.3. Significance of cumuiative impacts 

It might seem intuitive to assume that because headwater streams are small, with only a 
few are filled each time a new mine is dug, that the overall impacts are not that significant. 
This is not the case. First, because the ecological importance of headwater streams is 
disproportionate to their size, they are critical to the health of watersheds. Second, it is 
important to understand that in the central Appalachian Plateau, the most significant 
changes in land use and land cover are related to surface mining of bituminous coal. This 
change is the single largest driver of land use change in this region today. To give you an 
example; in the Laurel Creek watershed in West Virginia more than 25% of the watershed 
by area is covered by surface mine permits, and 37% of the headwater streams (by length) 
intersect mines or valley fills. When you think about the fact that many counties across the 
U.S. are trying to limit land use change for development to 10 - 12% because water quality 
is so degraded beyond that point, it is hard to imagine those numbers for Laurel Creek - 
particularly because mountain top mining is far more destructive to the landscape than a 
new home or even a cluster of homes. 

A useful way to think about the loss of headwater channels is to consider how analogous 
they are to the small passageways in the human lung. The capillaries accomplish most of 
the important work in exchanging gases between the respiratory and circulatory system; 
without them you would die. Indeed, when a person gets emphysema (like my mother), 
they begin to lose use of the small passageways and slowly suffocate. Small intermittent 
and ephemeral headwater channels function similarly in watersheds - they do much of the 
processing of source materials for delivery to sustain downstream ecosystems and ensure 
productive rivers. Remove too many of them and the system slowly dies (Fig. 3). 

Fig 3. Watersheds have complex stream networks - the smallest branches called headwaters are 
responsible for a disproportionate amount of stream functions carrying nutrients and organic matter to larger 
streams and rivers. Similarly the capillaries surrounding the smallest branches of the lungs (alveoli) do most 
of the work to make sure oxygen reaches all parts of the body. 
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1.4. Extent of downstream water quality impacts 

The fragmentation and exposure of mined rock to air and water resuits in high rates of rock 
weathering, which leads to increased concentrations of a number of chemical constituents 
in the stream water below fills. Some of these cause acute toxicity in aquatic life, but many 
of them cause chronic low level stress to organisms. The chronic stress from many 
chemicals adds up to serious problems for organisms. The high level of impairment found 
in streams below mining valley fills is because the additive impact of all this stress is simply 
too much for many species. Thus, it is the cumulative impact of elevated concentrations of 
multiple stressors that leads to biological impainnent in these streams. By analogy, 
consider a person that smokes just a few cigarettes a day but is 75 pounds ovenveight and 
has very low level diabetes — none of the stressors alone necessarily lead to death but 
together, the levels of physiological stress on this person are extreme and will shorten their 
lifespan. 

Elevated conductivity from pollution by numerous ions. Water feeding larger streams 
emerges from the base of the valley fill and has elevated concentrations of sulfate, 
bicarbonate, calcium and magnesium ions, as well as often including elevated 
concentrations of multiple trace metals (aluminum, manganese, selenium) that are potent 
pollutants. The combined toxicity of multiple constituents leads to a loss of sensitive 
aquatic organisms even though downstream habitats are intact. 

The exposure of coal seams during coal mining provides many opportunities for the 
leaching of sulfate (S 04 ^') into surface waters. Mining-impacted streams in WV often have 
30-40 fold increases in S 04 ^‘ concentrations (Brooks et al. 2002; Pond et al. 2008) with 13 
streams in the 2009 WVDEP database having S 04 ' concentrations higher than found in 
seawater (>2717 mg L"'). Studies have shown that sulfate concentrations continue to 
increase even after mining ceases. The relationship between mining activities and high 
sulfate concentrations is so well established that the 2008 WVDEP West Virginia Integrated 
Water Quality Monitoring and Assessment Report suggested that S 04 ^' concentrations >50 
mg L'^ could be used as an indicator of mining activity. Why is this a probiem? Elevated 
sulfate concentrations stimulate stream bacteria to produce sulfide that is directly toxic to 
plants and many organisms. High sulfate concentrations also interfere with nutrient cycling 
in streams. 

Other ions that enter the streams below valley fills, including magnesium, calcium, and 
bicarbonate, lead to very elevated levels of suspended solids and conductivity; as noted 
earlier, trace elements like aluminum and selenium are also elevated and the latter is so 
serious that 1 devote an entire section to it. 

The cumulative, or additive effect, of all the constituents leads to biological impairment in 
waters below valley fills. A group of insects well known to those who love to fly fish are the 
mayflies - they are considered good indicators of water quality because they are not very 
tolerant to pollution. The number of species of mayflies you find in streams declines as 
mayflies you find in streams declines as pollution increases. Since conductivity is a good 
indicator of water pollution below valley fills, many studies have examined mayfly diversity 
and abundance in valley fill streams (Fig. 4). Typical conductivity levels in West Virginia 
streams range from 1 3 - 253 pS/cm while valley fill streams can reach >2500. Recent 
studies by Hartman et al. (2005) and Pond etal. (2008) compared water quality between 
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paired reference and valley fill impacted streams and found that specific conductivity in the 
filled sites was at least twice as high as in the reference streams. 
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Figure 4. Number of sensitive insect (mayflies) 
groups (genera) as a function of stream 
conductivity in West Virginia streams with 
different levels of mining impact. Mayflies are 
widely recognized by the scientific and 
management community as indicators of water 
quality. From Pond et al. (2008). “Downstream 
effects of mountain top coal mining." Journal of the N. 
American Benthol. Society. 27:717-737. 


The finding that entire groups of insects - and not just mayflies - are nearly eliminated in 
MTM streams is not a good finding for West Virginia water ways, particularly because the 
poor water quality with high conductivity and high sulfates can persist long after mining 
activities cease. The West Virginia Department of Environmental Protection has found that 
86% of the mountain streams in their database with conductivity > 500 pS/cm were scored 
as impaired using the genera based GLIMPSS index. 

Selenium (Set and water quality . The water quality of streams below mountaintop removal 
mining sites is a serious issue, because when Se enters the aquatic food web it can reach 
levels that are toxic to fish and wildlife, such as birds. Selenium occurs naturally in coal. It 
is leached out from coal and overburden that fills valleys when they are exposed to air and 
water. Professor Dennis Lemly of Wake Forest University, who is a world expert on 
selenium and its ecological impacts, has completed numerous studies and a white paper 
he wrote on the topic was submitted as part of this hearing. I refer you to this paper for 
details, but describe the seriousness of the issue very briefly here. Because selenium can 
be bioaccumulated in the tissue of organisms, even small quantities in the water can lead 
to major problems for organisms: as you move up the food chain, Se is concentrated more 
and more and can cause severe abnormalities, death, or reproductive failure (Fig. 5). 

We know that this is a major problem in Appalachian streams impacted by mountaintop 
mining, because a major environmental impact study was completed in 2005 by four 
federal agencies and the West Virginia DEP (EPA 2005). Over 1200 stream segments 
were examined, finding that the valley fills used for waste disposal are a primary source of 
selenium contamination. Because of the size and placement of these fills, selenium 
leaching and associated pollution of downstream aquatic habitats, left untreated, will 
continue in perpetuity. Further. Dr. Lemly's studies since this EIS have shown that effluent 
from a mountaintop removal operation in West Virginia had as much as 82 ug/L selenium - 
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an amount that is over fifteen times the threshold for toxic bioaccumuiation. 
selenium is a real and Immediate risk for wildlife. 


Figure 5. Selenium in discharge from a mountaintop removal coal mining operation in West Virginia polluted 
downstream receiving waters to levels that far exceed tpxic thresholds for fish (from Lemly 2008). The 
maximum concentration (82 ug/L) is over fifteen times tfie threshold for toxic bioaccumuiation. Selenium 
causes fish deformity and reproductive failure. 

Fish larva exposed to selenium Mud River, WV June 2007 
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Tod: Abnormalfties of the spine 
in fish exposed to selenium. 
Bottom: Lateral curvature of the 
spine caused by exposure to Se 
(ieft): Normal fish (right) 


Side view; Note distended, flutd-filied yolk sac 
(edema) with delayed yolk absorption, individual 
also has dorso-ventral curvature of the spine 
and deformed fins and eyes - both eyes on 


Dorsal view; Not© deformod spina in “S“ shape, 
typical of scoliosis due to selenium poisoning. 
This individual also has deformed pectoral fins 
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Part II. Scientific Feasibility of Mitigation 

li.1 Methods used to assess impacts and calculate required mitigation actions 
In order to obtain a permit, companies proposing a new mine site must thoroughly evaluate 
the existing water resources, estimate the impacts quantitatively, and propose actions to 
mitigate for these impacts. Streams and impacts to them can be characterized in two 
ways; structurally and functionally. The distinction between the two characterizations is key 
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to serious scientific concerns about current and past comprehensive mitigation plans, as 
well as, impact assessment requirements by the U.S. Army Corps of Engineers. 

Structural measures evaluate the ecological state at a point in time while functional 
attributes describe how the system is performing over time. Examples of ecological 
structure include channel shape, habitat features, and the number of species found in one 
sampling trip. Functional measures describe ecological processes and rates such as the 
input of organic matter over time, the rate of growth of organisms, or the nutrient cycling 
capacity. Both types of measures are important, yet mitigation plans do not directly 
measure ecosystem function; instead, almost all plans are based on a single “snapshot” 
measure of structural traits like channel shape, water depth, and number of insects. 
Functional measures represent system performance; not measuring them to evaluate the 
health of a stream that is to be destroyed (and thus has to be mitigated for) would be like 
our doctor only measuring our height and weight and never taking our blood pressure or 
heart rate. 

Those performing assessments of sites to be mined or receive permit applications have 
argued that measuring ecological functions is too hard, yet aquatic ecologists do it all the 
time. I even employ high school students to assist with this work, and we do it on many 
streams using a very small annual research budget. In fact, the second edition a text book 
is now out with a chapter devoted to each method and there are many examples in the 
literature of streams that have been assessed using this method. The reason that 
scientists are concerned about the inadequate assessments that are being completed on 
these sites, is that the roles these small streams play in nature is vastly underestimated 
without these measures. Healthy streams are living, functional systems not simple 
channels that can be described based on their size and shape. 

Because ecologically valuable headwater streams will be permanently destroyed, all 
mitigation plans should address the ability of enhanced or restored streams elsewhere to 
replace the functions performed by the lost headwater streams, yet this is not done. 
Further, the Clean Water Act stipulates that all natural resource and ecological functions 
that are lost must be replaced. Thus, a clear emphasis has been placed on functionality. 

Mitigation projects are typically monitored for 5 to 10 years after completion. The required 
monitoring suffers from the same short falls - failure to measure stream functions. In 
addition, while the burial of streams is permanent many stream enhancement projects will 
be of short duration. Thus, monitoring of 5-10 years will miss the temporal differences 
between impacts and the mitigation intended to offset them. 


11.2 Types of mitigation proposed 

Permits to fill “waters of the U.S." may be granted by the U.S. Army Corps of Engineers 
based on ‘rendering the impacts non-significant’, because mitigation actions are proposed 
to replace lost aquatic resources and ecological ftjnctions. Proposals for compensatory 
mitigation to replace losses when headwater streams are buried by the mining activities 
may occur through a variety of actions, but generally fall into two categories: stream 
creation and stream restoration or enhancement. 
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stream creation . This is a process where attempts are made to create a stream by 
excavating a ditch and placing structures like boulders and rocks into the channel. These 
are meant to replace the headwater streams that are buried by mining overburden. These 
creation attempts are often undertaken on or near a valley fill and they usually rely on the 
fill or mined area for their waters source. 

Even if a channel can be constructed to convey water below a valley fill, they will not have 
the energetic base, thermal or flow regimes to support the native aquatic community. The 
energetic basis of the stream food web of mountainous Appalachian streams is leaf litter 
from the surrounding trees. For most of the year, bacteria, fungi and aquatic insects 
consume the leaves and wood that fall or are washed into the stream from the surrounding 
forest. Constructed streams on or below valley fills are in high light environments, with 
early vegetation consisting primarily of short-stature grasses. With abundant light, algal 
production is likely to be high, and with the open canopy, temperatures may reach levels 
that native fauna can not acclimate to. Thus, while an un-impacted mountain stream 
ecosystem in the Appalachian region is fueled by leaf litter from the surrounding forest, the 
created streams will be fueled by algal production. Without a forest canopy, water 
temperatures in the constructed streams will be significantly hotter in summer and 
significantly colder in winter than in the forested streams. 


Fig. 6: left panels: an intermittent headwater streams during dry periods and after rains; right 
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The process of attempting to create a stream in association with a mountaintop coal mine 
typically involves: re-grading mined land and digging a channel with a particular shape, 
width, and depth that is selected from a stream channel classification system originally 
developed in the western U.S, This shape is not necessarily even similar to what existed 
prior to the mining activities; more importantly, what surrounds a new ditch and how water 
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reaches the ditch bear no resemblance to intact headwater streams in the Appalachians. 
Due to the mountaintop removai and valley fill activities, all of the natural water flow paths, 
the landscape topography, the vegetative Inputs to streams, the riparian soil and the 
streambed biogeochemistry are different or totally absent. 

There is not a single case in which a channel built in this manner has resulted in a healthy 
stream with the biota and functions of un-impacted headwater streams. No study has ever 
produced any evidence that created streams at these sites have hydrological and 
ecological dynamics that are similar to the high gradient headwater streams they are meant 
to replace. Stream creation is simply outside the current scope of accepted science. 
Ditches may be built to convey water but streams are living systems - far more than rock 
lined ditches. Creating ecologically healthy streams in places where the natural 
groundwater and surface water flow paths are so altered, and the landscape and 
vegetation so impacted, has not ever been accomplished - yet permits are being given for 
this activity. Stream “creation” is certainly not considered a form of ecological restoration. 
Stream restoration varies along a continuum from simple projects like planting riparian 
trees along streams, to re-shaping channels and even sometimes re-routing a section of a 
channel. But that is very different from trying to make a fully-functioning, living stream 
some place that it did not previously occur. 

Stream restoration . Restoration or enhancement of degraded streams in areas adjacent or 
contiguous to the mining site typically involves stabilizing a streambank, re-shaping a 
channel, or replanting riparian vegetation. Enhancement and restoration actions are 
typically applied to perennial streams, even if the streams that are lost due to mining are 
ephemeral or intermittent. 

Proposals to mitigate by restoring or enhancing degraded perennial streams off-site can not 
mitigate for the loss of ephemeral and intermittent streams. The unique biota, distinctive 
high gradient profiles, and irregular flows of these small streams generate ecological 
conditions that can only be found on the very steep sides of intact mountain summits. In 
particular, the intermittent nature of flow contributes to the evolution of diversity, the support 
of unique species, and heightened rates of particular biogeochemical processes with 
watershed wide consequences. 


Summary and Closing 

In conclusion, Mr. Chairman and fellow Senators, mountaintop removal mining with valley 
fills causes permanent environmental impacts. The mountain summits that are removed to 
reach the coal may not have the same shape or height they previously did, the streams that 
are buried when rocks and dirt are dumped over the side of the mountain into the valleys 
below are gone forever, and there is no evidence to date that mitigation actions can 
compensate for the lost natural resources and ecological functions of the headwater 
streams that are destroyed. Further, the water quality impacts from the mining and valley 
fills permeate downstream such that many streams not directly touched by the mining 
activities are biologically impaired. Selenium levels measured in streams below valley fills 
are as high at levels known to cause major deformities, toxicity, or reproductive failure in 
fish. Conductivity levels in some streams below valley fills are like seawater. Fish in rivers 
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and reservoirs below fills have deformities and reproductive failures due to selenium 
exposure. Scientific studies in well respected journals document these impacts, and there 
is not a single study in the peer-reviewed literature providing evidence that streams created 
for mitigation replace the functions and structures of natural headwater streams. 
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To protect your rivers, protect your moimiains. --Emperor Yu ofdbina. 1600 BX'.h. 


EXECUTIVE SUMMARY 

Mountaintop mining and valley fill (MTVF) operations have both local and regional effects on aquatic 
ecosystems. The effects are described in brief here along with key points (bullets) from scientific 
studies published in peer-reviewed journals. 


1. Watershed and Stream Alteration by Mountain Top Mining 

The topography and the hydrology of mountain top mined watersheds are radically altered - valley 
contours are flattened and precipitation is routed through rock lined ditches on the surface or 
percolates through fill material. Even after reclamation, the vegetation is dramatically different. The 
alteration in topography persists forever and it will take centuries to reestablish the soils and forests 
that were historically present. The impacts of mountain top mining are more severe than other land 
use changes within these watersheds (e.g. clear cutting, residential development) becau.se they are 
immen,se in scale and lead to irreversible alterations of watersheds. In fact, a 1999 study singles out 
mountaintop mining and valley fills in West Virginia and adjacent states as the greatest 
contributor to earth moving activity in the United States'. 

• The Office of Surface Mining reports that as of 2004 more than 1.1 million acres of land in 
northern and central Appalachia were undergoing active mining operations," In 2009, the 
dominant driver of land cover land use change in this region remains surface mining and 
reclamation.^ 

• Numerous studies show that when impacts to watersheds exceed about 1 0% by area, 
biodiversity and water quality in their streams decline'' yet some watersheds in West Virginia 
have more than 25% of their area covered by surface mine permits. 


' Hooke 1999 
Loveland et al. 2003 
Townsend et al. 2009 

■' Yaun and Norton 2003: Allan 2004: Morgan and Cushman 2005 
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11. Structure and Function of Headwater Streams 

Small streams like those buried by valley Jills are biological hotspots: The Mountaintop Mining 
Environmental Impact Statement found that in 2002 more than 1200 miles of stream channels had 
already been buried by valley fills or directly harmed by mining. Later studies by the Office of 
Surface Mining found that from October of 2001 to June of 2005, mining permits impacted yet 
another 535 miles of streams nationwide and approximately 2/3 of those impacts were from valley 
fills. Some watersheds have been particularly hard hit by mining activities. For example, in the Laurel 
Creek of the Big Coal River in WV, 28% of the total stream length have been buried beneath valley 
fills or impacted by surface mines. Loss of this magnitude mean some downstream reaches may be 
permanently impaired. In addition to the localized destruction of individual stream reaches, many 
thousands of miles of downstream reaches have been impacted by the resulting sediment and chemical 
pollutants that are transmitted throughout the river network. 

This represents not only a significant loss of a treasured natural resource but loss of ecosystems that 
are critical to the provision of water that is clean and abundant in supply to the larger downstream 
streams and rivers. The headwater streams of the southern Appalachians are also a biodiversity 
hotspot, supporting hundreds of species (some unique to these smallest of streams) that require stream 
habitat for all or part of their life cycle. The organisms living within headwater streams are well 
adapted to habitats with large fluctuations in flow and populations persist through occasional droughts 
and floods within stream sediments and isolated pool habitats. Despite their resilience to fluctuating 
flows, these organisms are not adapted to the dramatic changes in water chemistry that result from 
valley fills. In particular, the diverse historic assemblages of salamanders and mayflies are lost from 
polluted streams. 

• Loss of headwater streams impacts hydrologic processes, chemistry, and stream biota in 
downstream waters.^ 

• Stream structure and function are both impacted by mountain top mining, Structural attributes 
include biodiversity, habitat, and channel properties while functional attributes include all 
those ecological and hydrogeomorphic processes that support healthy headwater streams.^ 

• Headwater streams support unique and ecologically important species including insects, fish, 
and salamanders.’ 

• Ephemeral and intermittent streams support diverse plants and animals and contribute to 
critical biogeochemical processes. Many ephemeral and stream organisms live in the 
streambed substrate and thus even when surface water is not running many species depend on 
these small streams.* 

Ecosystem Functions within the River Continuum: In addition to serving as habitat or feeding- 
ground for a unique and diverse assemblage of organisms including salamanders, insects, fish and 
larger wildlife, the ephemeral and intermittent streams within the river network are conduits that 
transport water, sediments and dissolved materials from mountain tops to large river ecosystems. 
Shallow headwater streams have high contact between water and sediments and thus very high rates of 
nutrient and organic matter storage and processing. The biological communities in headwater streams 
import low-quality lignin and cellulose forest products (leaves and sticks) and convert that material 
into high-quality fats and proteins (insects and fish) that are exported to riparian and downstream food 
webs. 


^Wipfliet al. 2007 

Hauer and Lamberti 2006; Fischenich 2006; Palmer and Richardson 2008 
^ Meyer et al. 2007 

^Stout and Wallace 2003; Davie and Welsch 2004; Meyer ct al, 2007 
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• Important ecosystem functions performed in ephemeral, intermittent, and perennial headwater 
streams include the purification of water, removal of excessive nutrients and sediments before 
they reach downstream waters, processing of organic material and primary and secondary 
productivity.’ 

• Surface waters on reclaimed mines or along valley fills have year round high light availability, 
altered thermal regimes and reduced organic matter inputs. 


m. Water Qualify Impacts of Valley Fills 

Pollutants added to ephemeral and intermittent stream channels will be transported downstream to 
larger rivers. The more surface mining and valley fill activity within a large watershed, the greater the 
cumulative transport of alkaline mine drainage pollutants to major rivers will be. The streams and 
rivers below valley fills receive alkaline mine drainage that include highly elevated concentrations of 
sulfate, bicarbonate, calcium and magnesium ions and which often include elevated concentrations of 
multiple trace metals. The combined toxicity of multiple constituents results in significant increases in 
conductivity and total suspended solids below valley fills. This decline in water quality leads to a loss 
of sensitive aquatic organisms even when downstream habitats are intact. The resulting high 
conductivity and high sulfates can persist long after mining activities cease and scientists have found 
no empirical evidence documenting recovery of macroinvertebrate communities in the streams 
impacted by alkaline mine drainage. The water quality impacts of MTMVF activities are more severe 
and more persistent than other land use changes within the southern Appalachians. 

• Streams impacted by MTVF often have 30-40 fold increases in sulfate concentrations and 
sulfate concentrations in receiving waters continue to increase after mining activities end.'’ 
High sulfate concentrations can lead to impacts on aquatic organisms and ecosystem functions. 

• Ions of calcium, magnesium, and bicarbonate increase dramatically in the waters so that 
electrical conductivity levels and total suspended solids in receiving streams below fills can be 
extremely high (“alkaline drainage syndrome”). Trace elements of iron, aluminum, zinc, and 
selenium are often elevated as well." 

• The cumulative effect of elevated levels of all these ions is highly correlated to biological 
impairment in streams below MTVF. Functionally important aquatic biota are sensitive to 
ionic stress which disrupts water balance and can cause stress or death. 

Typical mitigation projects do nothing to reverse the severe ecological consequences of the water 
quality impacts downstream from large scale surface mining operations. 


IV. The Potential for Mitigating Watershed Scale Destruction 

Mitigation for the loss of streams from valley fills generally includes offsite enhancement of streams 
structurally or onsite attempts to ‘create streams’ on or near valley fills by digging ditches and 
sculpting rocks in an artificial channel. However, there is no evidence that structural approaches like 
these that focus only on channel form e.g. creating artificial channels in former drainage ditches or 
channel manipulations and placement of instream structures, will lead to the recovery of the ecological 
functions that are lost by the valley fills. In addition, mitigation projects not only fail to address stream 
function but also fail to use generally accepted scientific protocols when using structural measures. 


’ Baron et al. 2002; Hauer & Lambert! 2006; Fischenich 2006, Palmer & Richardson 2008 
Sams and Beer 1999; Brooks et al. 2002; Pond et al. 2008 
" WVDEP database (see figures 3.2 and 3.3.); Brooks et al, 2002 
Goetsch and Palmer 1997, Chadwick et al. 2002, Kennedy et al. 2003, Kefford et al. 2003, Hassell et al. 
2006; Pond et al. 2008 
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While mining companies are attempting to construct new stream channels in reclaimed mine lands, 
there are no examples of successful creation of streams in any setting. Any claim that the structure and 
function of high gradient, forested headwater streams could be recreated in the flat grasslands of a 
reclaimed mine is thus highly suspect. Even if channels are constructed with high quality habitat, the 
routing and timing by which rainwater and groundwater are delivered to these channels wilt be highly 
altered. As a result the channels are likely to be filled with waters polluted by alkaline mine drainage 
(resulting from subsurface flows through mining fill) or to flow only during major precipitation events. 
In either case, there is little reason to expect that these constructed channels would support the diverse 
fauna of Appalachian headwater streams or that they would even approximate the energetic and 
nutrient transport processes of the streams they are meant to replace. 

The efforts proposed to mitigate for the permanent loss of streams buried under valley fills by 
enhancing other streams cannot replace the ecological functions or unique biota lost. These projects 
typically target perennial streams while fills are usually in ephemeral and intermittent streams. While 
stream functions take place in perennial streams, they do so at different rates and in different ways than 
those occurring in ephemeral and intermittent streams and the smallest streams harbor some species 
that are not found in perennial reaches. Also mitigation projects like those proposed by mining 
companies may produce only short term benefits while the valley fills represent a permanent loss of 
habitat and function from the river network. This represents an important temporal mismatch between 
valley fills and attempts to mitigate for the streams that are buried. 

• Mitigation plans associated with mountain top mining have not used available methods for 
directly measuring ecological functions yet these processes must be measured in order to 
determine how and whether they may be brought back to the right levels and direction 
through mitigation. There are abundant scientific studies outlining how to make and interpret 
such measurements and how they can be used to evaluate a restoration project.*^ 

• Mitigation plans propose stream creation to offset loss of streams that are buried but stream 

creation is beyond the realm of current science. Out of over 38,000 projects in the most 

comprehensive database of restoration there is not a single example in which building streams 
de novo has been shown to be successful. 

• Most mitigation plans that include stream enhancement or restoration are based on a 
morphological approach to stream restoration that has been extensively criticized in the 
scientific literature because of its failure to promote ecological recovery.'^ 

• Restoration or enhancement of existing perennial streams cannot replace or compensate for 
the habitat or the unique functional role of lost ephemeral and intermittent streams. 

• Mitigation based on diverting flow to sediment ditches will not replace stream function. 

Successfijl restoration requires that key processes and linkages beyond the channel reach be 

considered.’^ 

• Mitigation approaches fail to include any mechanisms that will reduce the export of ions and 
trace metals from mined sites yet these are known to be associated with impaired aquatic 
biota even after mining activities cease. 

*END OF EXECUTIVE SUMMARY* 


e.g., Peterson et al. 2001 ; Gessner and Chauvet 2002; Hauer and Lamberti 2006; Buckveckas et al. 2007; 
Roberts et al. 2007 

Bernhardt et al. 2005, Palmer et al. 2005 

Gillilan 1996; Shields et al. 1999; Kondolf et al. 2001; Juracek & Fitzpatrick 2003; Niezgoda & Johnson 
2005; Smith& Prestegaard 2005; Slate et al. 2007; Simon et a!. 2007; Roper et al. 2008 
Sear 1994; Stanford et al, 1996; Graf 2001; Palmer et al. 2005 
'^Pond et al. 2008 
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1. Watmhed mA Streara:^!Uteration % Mm Mining 

Mountain top mining and valley fill operations (MTVF) have both local and regional effects on aquatic 
ecosystems. The most obvious impact of MTVF operations are the local destruction of stream segments 
that are buried beneath valley fills and the loss of streams that are converted to waste treatment systems in 
the form of ponds at the base of fills. Streams which have been filled no longer exist - thus MTVF leads to 
a net loss of stream habitat and stream and riparian ecosystem functions in the watersheds in which it 
occurs. In addition, the impacts of MTVF operations have far reaching downstream impacts through the 
export of sediments and dissolved substances (solutes) from mined watersheds. Further the removal of 
vegetation from mined watersheds, and the flattening of valley contours on mined sites fundamentally alter 
the patterns of water flow through impacted valleys and changes the delivery of water to larger receiving 
streams. 


Figure 1.1: Photos of MTVF 



(A) A view of a mountain top operation rock face. (B) An aerial view of a completed mining 


The total amount of land impacted by surface mining has been growing as the price of energy has 
continued to rise in the U.S. As of 2004, the Office of Surface Mining reported that more than l.l million 
hectares of land in northern and central Appalachia were undergoing active mining operations (Loveland et 
al. 2003). Indeed, the most significant changes in land use and land cover in the central Appalachian 
Plateau were related to surface mining of bituminous coal (Loveland et al., 2003) and today, the dominant 
driver of land cover land use change in this region remains surface mining and reclamation (Townsend et 
al. 2009). 


Table 1.1 Examples of cumulative impacts in two West Virqinia watersheds (12 digit HUC) 

Watershed (area) 

% by area covered by 
surface mine permits 

% including 

pending permits 

% of 1 ®‘ order stream 
length intersecting 
permitted mines or 
valley fills 

Cabin Creek (22. 518) 

25.6% 

29.1% 

32.1% 

Laurel Creek (31,519) 

26.5% 

28.6% 

37.3% 


Data from several watersheds (1 2 digit HUC) in West Virginia provide an example of the size of impact 
(Table 1.1). This level of watershed alteration (even when the land is reclaimed) has significant impacts on 
receiving stream ecosystems. In fact, the impacts of mountain top mining are more severe than other land 
use changes within these watersheds (e.g. clear cutting, residential development) because they are immense 
in scale and lead to irreversible alterations of impacted watersheds The process of mining includes 
removing all vegetation, blasting or digging soil and rocks to reach the coal seams and moving this 
‘overburden’ into valleys to form fills. Once filled, streams are completely destroyed and those streams 
remaining below the fills are impacted significantly (fully described in Part III below). The reason that the 
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mountain-top mining has impacts that extent well beyond the immediate blast and fill areas is that as low- 
lying points on the landscape, streams integrate the effects of all activities within the watershed above 
them. In fact, the single best predictor of stream water quality to date is what fraction of a watershed is 
impacted (Yuan and Norton 2003; Allan 2004). The most current and quantitatively intensive work by 
Bunn and colleagues (2009) reinforces previous findings. They studied 53 streams in 15 major catchments 
comparing over 50 approaches to find indicators of stream ecosystem health and show that watershed 
impacts explained 73% of the variability in native fish species diversity. These analyses show that the 
single most important predictor of stream biotic communities are watershed attributes rather than local 
habitat. Many studies to date have shown that when impacts to watersheds exceed about 10% of the 
watershed area, there can be dramatic declines in aquatic biodiversity and water quality (Allan 2004; Booth 
et al. 2004; Morgan and Cushman 2005; Moore and Palmer 2005), 

The significance of this type of research for MTVF is that: 1) cumulative land impacts within a watershed 
are extremely important to the ecological health of streams; 2) small scale mitigation, restoration and 
enhancement efforts are insufficient to offset watershed scale degradation. 

Mechanisms by which mining leads to cumulative impacts. Three fundamental scientific principles are 
critical to understanding why cumulative impacts of MTVF on downstream aquatic resources are so 
important. First , changes at the watershed scale influence stream hydrology throughout the catchment 
(Brooks 2003). The timing and magnitude of stream flows result from complex interactions between 
rainfall, plants, topographic relief, and soil properties of al! land above a drainage point (Tong and Chen 
2002). Once vegetation is lost as occurs on mined and even reclaimed mine land, hydrological changes that 
negatively impact stream biota and water quality ensue (Simmons et al. 2008; Ferrari et al. 2009). Second , 
stream water chemistry is shaped by processes that occur as rainwater infiltrates the ground and moves 
through pore spaces and soil on its way to streams (Allan and Castillo 2007). Microbial processes between 
the water, soil, and rooted vegetation lead to biochemical transformations that influence water quality. Not 
only are these processes fundamentally altered by the dramatic land disturbance at mined sites but water 
emerging from valley fills carries with it dissolved constituents that are toxic or damaging to biota 
(discussed extensively in section III below). Third, downhill movement of water and one-way flow in 
stream networks means that whatever happens on land or in l^‘ and 2"*^ order streams (headwaters) not only 
determines sediment and water flow in streams and rivers below but also determines ecological structure 
and functions of larger waterways (Allan and Castillo 2007). 

In short, MTVF within a watershed can directly destroy local stream reaches through filling or can 
degrade downstream reaches by altering the magnitude, timing and composition of water flow. 


U. Structure ai[i$ Ftthctfoii of Headwater Streams 

Ephemeral, intermittent or perennial streams that are buried beneath valley fills represent a significant 
natural resource loss. As headwater streams they represent the points “where rivers are bom*’ {sensu 
Meyer et al. 2003) because their flow and associated biota, sediment, and dissolved constituents feed all 
downstream waters. Any major changes affecting headwater tributaries or any activity that isolates or cuts 
off these tributaries from the lower part of the watershed will have profound consequences for hydrologic 
processes, sediment delivery, channel morphology, biogeochemistry, and stream ecology further 
downstream in the watershed which is why their loss due to mountain top mining is of such concern 
(Wipfli et ai.2007). 

Whttt^s the difference between ecological structure and function? Streams and impacts to them can be 
characterized in two ways: structurally and functionally. Because the concept of ecosystem structure and 
function is so central to assessing MTVF impacts and mitigation provide a brief overview 
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here. Structural measures evaluate ecological state at aj)oin t in time (Table 2.1) while functional attributes 
describe how the system is performing over time Examples of ecological structure include 

channel form, habitat features, and number of species; these are typically evaluated at a point in time and 
are dimensionless (e.g., number of species at a site, ratio of channel width to depth, index of biotic 
integrity) or are expressed along one dimension (e.g., channel depth in cm, number riffle habitats/100 m). 


TABLE 2.) COMMON STRUCTURAL ATTRIBUTES OF STREAMS 

Structural 

Attribute 

Examples 

Measurements required 

Role 

Biomass 

Algal, Plant, Insect, Fish, etc. 

Mass/area; Collect, diy 
and weigh. 

Food for higher trophic 
levels; Important in 
photosynthesis and 
secondary production. 

Biodiversity 

Diatoms, Invertebrates, Fish, 
Amphibians, Riparian Vegetation 

# Species per unit length 
or area of stream (species 
richness). Index of Biotic 
Integrity, EPT taxa, 
Shannon-Weiner Index 
etc. 

Many species valued in 
themselves but loss of 
biodiversity may result In 
loss of function and 
eventually collapse of 
ecosystems (see text) 

Habitat 

Pools, Riffles, Substrate types. 
Riparian vegetation. Woody Debris 

Presence/absence or U per 
unit length of stream 

Structure for reproducing, 
feeding, escaping 
predation, may enhance 
flow complexity. 

Geomorphic metrics 

Ratios: Rifne:Pool, Width:Depth, 
Sinuosity, Slope, Particle size and 
heterogeneity. Depth of Hyporheic 
Zone, Bankfull bench 

Measured during stream 
walks. Photographs, or 
Surveying equipment 

Provides the template or 
“vessel” for water [flow], 
influences turbulence and 
other aspects of flow and 
sediment transport 

Hydrologic metrics* 

Water stage (depth). Wetted 
channel perimeter, Bankfull stage. 
Peak Discharge events, 

Stage recorder or staff, 
rulers, survey equipment, 
visual estimate of bankfull 
bench 

Delivers food and oxygen 
to biota, disperses young 
and adults, transports 
waste products; 
Reproduction often tied to 
annual flow 

*hydrologic metrics can be considered functional metrics if there is a time series of measurements. E.g., an annual 
hydrograph is developed using gage or pressure transducer data. 


Functional attributes describe processes and rates and thus they are expressed per unit time (e.g., discharge 
in ft^/sec, photosynthesis in umoles/meter'/sec). Sometimes functional measures are expressed in a 
dimensionless fashion (e.g., ratio of photosynthesis to respiration) but the important point is that they still 
describe some process that characterizes ‘how the system is performing’ not just ‘how the system is’. 
Measurements of ecological functioning evaluate dynamic properties of ecosystems that underlie an 
ecosystem’s ability to provide vital goods and services (Gessner and Chauvet 2002). Functions reflect 
system performance and their measurement requires quantification of ecological processes over time such 
as primary production or nutrient uptake. The scientific literature on ecological functions is now quite 
extensive and while different words may be used by different people, there is broad agreement among the 
scientific community that the primary ecological functions of healthy streams include: the purification of 
water, the removal of excessive levels of nutrients and sediments before they reaeh downstream waters, the 
processing of organic material (decomposition or biological utilization), and primary and secondary 
productivity (growth of photosynthetic organisms and consumers) (Baron et al. 2002; Hauer and Lamberti 
1996, 2006; Fischenich 2006, Allan and Castillo 2007; Palmer and Richardson 2008). These functions are 
supported by ecological processes (sometimes also called functions) including: the normal flux of water, 
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the processing of nutrients at the same rate and form as unimpacted streams, the decomposition of organic 
matter at rates typical of nearby unimpacted streams, and, microbial, primary and secondary' production the 
same as healthy streams (Palmer et al. 1997; Naiman et al. 2005). 


1 \«l i 1.2 M OLOGICAL FUNCTIONS OF HEADWATER STREAMS 

Ecosystem function 

Ecological Process that 
supports this 

Measurements required 

Without it what 
happens 

Water Purification 
a) Nutrient Processing 

Biological uptake and 
transformation of nitrogen, 
phosphorus 

Direct measures of rates of 
transformation of nutrients; 

for example: microbial 
denitrification, conversion 
of nitrate to 

Excess nutrients can build 
up in the water making it 
unsuitable for drinking or 
to support life 

Water Purification 
b) Processing of 
contaminants 

Biological removal of 
materials such as excess 
sediments (e.g., removed by 
riparian plants) or toxins 
(taken up by plants or 
microbial processes that 
moving them from the water) 

Direct measures of 
contaminant flux (e.g., the 
movement of sediment into 
and down streams). This is 
a rate. 

Toxic contaminants kill 
biota; excess sediments 
smother invertebrates (kill 
them), fou! the gills of 
fish (kill them), etc; water 
not potable 

Decomposition of 
organic matter 
(organic matter 
processing) 

The biological (mostly by 
microbes and fungi) 
degradation of organic matter 
(could be leaf material or other 
input such as sweater or 
organic wastes) 

Decomposition is measured 
as a rate. Usually 
expressed as the slope of a 
line showing weight loss 
over time of organic matter 
heated to high temperatures 
to convert the particulate 
carbon to gas (C02) 

Without this, excess 
organic material builds up 
in streams, leading to low 
oxygen levels which leads 
to death of invertebrates 
and fish and the water is 
not something anyone 
would want to drink 

Production (Primary = 
algae & aquatic plant; 
Secondary = growth of 
organisms like insects, 
fish, etc 

Measured as a rate of new 
plant or animal tissue 
produced over time 

Primary - measure the rate 
of photosynthesis in the 
stream; for secondary, you 
measure growth rate of 
organisms 

Primary production 
supports the food web; 
secondary production 
(fish) we often eat or it 
(inverts) supports fish. 

Temperature 

Regulation 

Water temperature is 
“buffered” by sufficient 
infiltration in the watershed & 
riparian zone AND shading of 
the stream by riparian 
vegetation. 

Measure the rate of change 
in water temperature as air 
temperature changes or as 
increases in discharge 
occur. 

If water infiltration or 
shading reduced (e.g., via 
clearing of vegetation), 
water heats up beyond 
what biota are capable of 
tolerating 

Flood 

Mediation/Control 

Slowing of flow from land to 
streams so flood frequency and 
magnitude reduced; intact 
flood-plains buffer increases in 
flow; flow spreads out over 
floodplain & energy absorbed; 
also healthy riparian 
vegetation in the watershed 
increases infiltration into soils 
& uptake of water by plants 
before it reaches the stream 

Measure the rate of 
infiltration of water into 
soils OR discharge in 
stream in response to rain 
events (discharge = rate of 
water flow measured in 
volume per time...mVsec) 

Without the benefits of 
floodplains, healthy 
stream corridor and 
watershed vegetation you 
see increased flood 
frequency and flood 
magnitude 

Biodiversity support 

All of the processes above 
contribute to the maintenance 
of biodiversity. For example, 
primary production and the 
flux of organic materials into 
streams help support diverse 
living assemblages 

Measure the number of 
species and how abundance 
varies among them; this 
function is not a rate per se 
but because it is critical to 
the support of all other 
functions, it is included in 
the table. 

Headwater streams 
support extremely high 
biodiversity and many 
rare species that 
contribute food for higher 
trophic levels and help 
maintain functions such 
as organic matter 
processing 
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Headwater streams (ephemeral, intermittent, or perennial) that are buried or degraded by MTVF 
represent a major loss from a structural and functional perspective. The role of headwater streams 
in supporting high levels of biodiversity has been emphasized in a great deal of scientific research 
(Lowe and Likens 2005; Meyer et al. 2007). These small streams provide habitats for a rich array of 
species, which enhances the biological diversity of the entire river system. Some of the species are unique 
- i.e., the only place in a river network these species occur is in the headwaters (Erman and Erman 1995; 
Stout and Wallace 2003). They also provide a refuge from predators and changes in temperature for some 
species (Franssen et al. 2006) and are important spawning and nursery grounds for some species. 

Meyer et al. (2007) provide the best review of biodiversity in headwater streams citing over 150 peer- 
reviewed papers (Fig. 2.1). They also provide a succinct summary of why headwater streams rich in 
biodiversity are important along with citations of the supporting scientific studies including: 

• Headwaters Support Many Species That Occur Nowhere Else in the River System 

• Headwaters Provide Unique and Highly Diverse Physico-chemical Habitats 

• Headwaters Provide a Refuge from Predators 

• Headwaters Provide a Refuge from Competitors 

• Headwaters Provide a Refuge from Alien Species 

• Headwaters Are Essential for Species Living in Larger Streams 

• Species Migrate to Headwaters for Spawning and Nursery Habitats 

• Headwaters Provide Rich Feeding Grounds 

• Headwaters Provide Thermal Refuges 

• Headwaters Provide a Source of Colonists and a Network of Movement Corridors 

• Headwaters Supply Food to Neighboring Ecosystems 

• Biological Activity in Headwaters affects Downstream Food for Higher Tropic Levels 

Summary of Headwater Stream Biodiversity: The dominant group of algae in headwater streams are 
diatoms and it is common to find 30-60 species some of which are only found in headwaters (Sherwood et 
al. 2000).Thirty to forty species have been found in southern Appalachian headwaters (Greenwood, 2004; 
Greenwood and Rosemond 2005) and they are particularly common on bryophytes and rocks (Meyer et al. 
2007). These bryophytes are important primary producers in headwater streams and four species dominate 
in high-gradient Appalachian streams (Glime, 1968). Among the most important decomposers in 
headwater streams, fungi can be quite diverse. Gulis and Subekropp (2004) reported finding over 51 taxa 
of hyphomycete fungi in two small southern Appalachian streams and they and others (Barlocher and 
Graca, 2002) have shown that when inputs of leaf litter declines, biodiversity also declines and that species 
composition of fungi is influenced by the diversity of litter inputs. 

Invertebrate diversity is particularly high in headwater streams (Clark et al. 2008). Rather than providing 
an extensive list, we provide a few examples for Appalachian region. McCabe and Sykora (2000) found 1 8 
species of caddisflies. Stout and Wallace (2003) sampled 23 intermittent streams and found over 86 insect 
genera from more than 47 families species. Small ephemeral and intermittent steams are often unmapped 
and appear unimportant to the untrained person yet mayflies, stoneflies, and caddisflies have been found 
right where the water emerged from the ground (a seep) and Stout and Wallace showed that just 150 m 
downstream the number of species doubled or tripled. Amphipods, isopods, copepods, cladocerans and 
ostracods are particularly common and the latter three may reach abundances of > 10,000/m^ (Galassi et al. 
2002). 
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The impacts of mountain top mining are more severe than other land use changes within these 
watersheds (e.g. clearcutting, residential development) because they are immense in scale and 
lead to irreversible alterations of impacted watersheds 


Factors that contribute to the biological importance of headwater streams in river networks. Attributes on the 
right benefit species unique to headwaters and also make headwaters essential seasonal habitats for migrants from 
downstream. On the left are biological contributions of headwater ecosystems to riparian and downstream ecosystems, 
From J.L. Meyer, D.L. Strayer, J.B. Wallace, S.L. Eggert, G.S. Helftnan, and N.E. Leonard. 2007. The contribution of 
headwater streams to biodiversity in river networks. Journal of the American Water Resources Association 43(1): 86-103. 


Meyer et al. (2007) documented that many of the smaller interstitial taxa such as rotifers, ^astrotrichs, 
oligochaetes are diverse and can reach incredibly high abundances in headwater streams f^*sh 

can also be abundant in headwaters and while their diversity generally increases with stream size, many of 
the headwater species are unique so headwaters may disproportionately contribute to network-wide 
diversity and play a critical role in the genetics of fish populations (Meyer et al. 2007, Burridge et al. 2008). 
Generally the species founds in these small streams are small in body size such as minnows, darters and 

Invertebrates other than Mollusks, Crustaceans, and Insects that are Common in Headwaters. 

(from Meyer et al. 2007) 


(trou|j 

Typical Species 
Uiehntws in 
Heudwatd'}; 

Typical UenHity 
in Headwaters 

Key References 

Turbfllaria 

3-30 

1,000-10.000 

Kola-s. {1983, 2002i 

(fjwlrutricha 

3-30 1?) 

10,000-300.000 (?} 

Slrayer and Hummen fSOOll, Bafcatno 
and Todara (2002) 

Ilolifera 

20-200 

lOjOOO-1, 000.000 

Schinid-Arpya (1.998), Wallace 
and Ricci (2002) 

Nemaloda 

10-100 

5,000-500,000 

TrauusperBer (2002) 

Tanhgrada 

1-10 

1,000-10,000 (?) 

Nelson and Mclnnes(2002) 

Ojjgochaela 

3-30 

1.000-50,000 

Schwank (]981a.b) 

Amri 

5-50 

100-10.000 

Di SahaliiH) I’i a/. (2002, 200;)1 

Tctfal 

40-450 

28.000-1380.000 
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sculpins but also may include salmonids such as those found in cold North Carolina headwaters (Moyle 
and Herbold 1987). Even when intermittent streams are not running, they may support fish in isolated 
pools “ these pools are often maintained by local groundwater inputs. A surprising fraction of the trout 
population (almost 50%) have been found to spawn in some intermittent streams in California - such 
studies are rare so while we know of no studies with similar data for Appalachian headwaters, this may be 
common in that region as well. Trout and salmon typically spawn in the smallest of channels even when it 
means half of their body is out of water while the move up these channels. 

Where fish are absent in Appalachian streams, amphibians are common and are typically the top aquatic 
predators. Their production in 1** and 2"^ order streams is higher than that found in larger streams (Wallace 
et al. 1992) and salamanders are the most common vertebrate in headwaters (Davie and Welsh 2004). 
Frogs, toads, and reptiles can also be common in some headwater streams (Meyer et al. 2007). Ephemeral 
and intermittent streams provide vital habitat for amphibians, many of which are state and/or federally 
threatened and endangered (Reid and Ziemer 1994; Davie and Welsh 2004). Many amphibian species are 
most abundant in intermittent streams, perhaps because they offer freedom from predators (Reid and 
Ziemer 1994). In Appalachian streams, larvae of the Blue Ridge two-lined salamander Eurycea wilderae is 
abundant (Johnson et al. 2006). Many stream salamanders require headwater seeps and small streams in 
forested habitats to maintain viable populations (Petranka 1998). Plethodontid salamanders are extremely 
diverse in Appalachia, and their lungless condition appears to be an adaptation for small headwater streams, 
which are their principal larval habitat, where they spend from a few months to five years (Beachy and 
Bruce 1992). Yet, they are also very vulnerable. Ford et al. (2002) have shown that diversity and 
abundance of salamanders in the southern Appalachian mountains is reduced when forests are clear cut 
even after 75 years of re-growth is >75. Loss of salamander populations from headwater streams can have 
ecosystem-wide consequences since they influence insect population dynamics, regulate detritus food 
webs, and link stream and terrestrial food webs (Davie and Welsh 2004). 




Figure 5. Hot Sport for At-Mfk Fiah and Muatol Spoclei 

A Blue Ridge Salamander: common in Appalachian 
Figure 2.2. Hotspots for at-risk fish and mussel headwaters 

species. From Master et al. 1998 


The streams and rivers threatened by MTVF activities support among the highest levels of aquatic diversity 
in North America (Fig, 2,2, Master et al. 1998). Because the southern Appalachians escaped glaciation, 
these are among the oldest mountainous ecosystems on Earth. Nearly 10% of global salamander diversity 
and 10% of freshwater mussel diversity are found within streams of the Southern Appalachian Mountains. 
(Green & Pauley 1987; Master et al. 1998). Where mining activities destroy stream habitat and degrade 
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Stream water quality many of these taxa become locally extinct and for species with small geographic 
distributions mining activities will contribute to their global extinction. 

Ecosystem Functions of Headwater Streams, There is abundant scientific evidence that headwater streams 
play disproportionate roles in many ecological processes. Sediment produced in headwater systems moves 
through channel networks and alters channel morphology (Benda and Dunne 1997a, 1997b). Headwater 
streams are also the streams that have the closest contact between water and soil - as a result they are the 
sites of high chemical and biological activity which influence the water quality throughout the downstream 
river network. Organic matter is delivered to headwater streams from the surrounding riparian vegetation 
and transported downstream to larger channels - trees drop leaves and contribute wood to streams that 
shape healthy channels and fuel aquatic food webs (Webster et al. 1999). After wood, leaves and other dead 
vegetation enter streams, they begin decaying to produce detritus — this mixture of organic matter supports 
the downstream food web by enhancing productivity, population density, and community structure of 
stream biota (Wipfli and Gregovich 2002). 

The headwater channels are sometimes described as being analogous to the very small passageways in the 
human lung that accomplish most of the important work in exchanging gases between the respiratory and 
circulatory system. They do much of the processing of source materials for delivery' to sustain the 
downstream ecosystem including water, organic matter, and even biota that disperse (Clark et al. 2008). 
Cut them off and the patient starts to suffer a condition like emphysema. The natural filtration system and 
timing of delivery of water and associated constituents from upstream tributaries to larger channels 
downstream are delicately adjusted among components of the system. There is a substantial body of 
science documenting their roles in watershed health (Clark et al, 2008). Because headwater systems make 
up a major portion (70 - 80%) of the total catchment area (Meyer and Wallace 2001), headwater streams 
are important sources of sediment, water, nutrients, and organic matter for downstream systems. Thus any 
major changes affecting headwater tributaries or any activity that isolates or cuts off these tributaries from 
the lower part of the watershed will propagate downstream, and will have consequences for hydrologic 
processes, sediment delivery and channel morphology, biogeochemistry, and stream ecology further 
downstream in the watershed. 

MTVF activities fundamentally alter the energetics of streams directly impacted by mining and valley fills 
by changing the light environment and removing vegetation. Surface waters on reclaimed mines or along 
valley fills have year round high light availability, altered thermal regimes and reduced organic matter 
inputs. All of the streams which receive alkaline mine drainage may become more susceptible to nutrient 
pollution and less capable of performing the valuable ecosystem service of nitrogen removal {discussed in 
section 3). 

ENDNOTE, SECTION II 

The Clean Water Act and its implementing guidelines require that permits authorizing valley fills be issued only 
if those permits do not result in adverse effects on the aquatic environment. In order to determine whether those 
permits have such an effect, the guidelines require the Corps of Engineers to evaluate both the structure and the 
function of streams that would be filled pursuant to those permits. There has been considerable controversy 
since a 2007 ruling by a federal district court in West Virginia that called into question decisions by the US 
Army Corps to permit several mountaintop mining operations based in part on inadequate consideration of 
ecological functions. The 4'^ Circuit Court of Appeals* subsequently reversed the decision but not before the 
Huntington, West Virginia office of the Corps released a regulatory guidance document for making functional 
assessments on streams.^ The plantiffs in the federal case filed for a re-hearing before the Court of Appeals 
which was denied in 2009. At the heart of the scientific issue is how natural resource value is assessed: are 
structural attributes such as channel shape, habitat types, and rapid biotic assessments adequate or must 
ecosystem functions be measured and used in evaluating impacts and mitigation requirements. 
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^The federal district court in West Virginia issued the order to remand the decisions ajid permits to the Corps for further 
consideration on 3/23/2007 (Ohio Valley Coalition vs. U.S. Army Corps of Engineers; Civil Action No. 3:05-0784). 
However, on 2/13/2009, the 4"' Circuit Court of Appeals reversed this decision arguing that the Corps should be allowed 
deference in using ‘best professional judgment’ for methods to evaluate impacts and mitigation requirements. 

'’Interim Functional Assessment Approach for High Gradient Streams within the State of West Virginia, Public Notice no. 
LRH-2007-IFAA-01; dated July 16, 2007. 


HI.. Walter Quality Imjiacts of Mduntaia Top^ Mining and Valley Fills 

Mountain top mining leads to; 

• Higher annual water export from the watershed as a result of the removal of vegetation and 
a significant decrease in evapotranspiration 

• Higher rates of rock weathering as a result of the fragmentation and exposure of mined rock 
to air and water 

• Increased concentrations of solutes weathered from exposed rock in stream water - 
especially the high SO^^', Mg^^, Ca^"^, HCO^' associated with alkaline mine drainage 

• Increased likelihood of elevated concentrations of trace elements and toxic metals derived 
from parent material in stream water. 

• Decreased abundances or local extinction of sensitive aquatic organisms, with the potential 
for altered ecosystem function 

It is important to note that mining results in increases in botli the concentration of solutes and in the volume 
of water exported from the watershed. This means that the total mass of solutes delivered to downstream 
ecosystems is higher than concentration changes alone would suggest 

Flux (lbs yf’) = Flow (m^ yr'*) * Concentration (lbs m'^) 

Thus individual valley fills not only profoundly impact stream water quality, community structure and 
ecosystem functions immediately downstream of the fill, but multiple valley fills within larger watersheds 
have cumulative effects on larger downstream rivers through increasing loads of dissolved substances 
derived from alkaline mine drainage. 

Increased concentrations of solutes weathered from exposed rock in stream water - especially the 
high S 04 ^', HCO 3 * associated with alkaline mine drainage 

Sulfate. Sulfate is an acid anion that has been well studied for decades as an important acid rain associated 
pollutant. Just as coal burning in power generation produces SOx aerosols, the exposure of coal seams 
during coal mining provides many opportunities for the leaching of S 04 ^' into surface waters. Unlike SOx 
emissions which distribute S aerosols regionally, mining activities lead to a localized point source of S 04 ^' 
to the drainage network. As a consequence of regional SOx emissions (‘acid rain’), freshwater systems 
throughout North American and Europe have had 1 0-fold or greater increases in $ 04 * concentrations. In 
contrast, mining impacted streams in WV often have 30-40 fold increases in S 04 ^‘ concentrations (Brooks 
et al. 2002; Pond et ai. 2008) with 13 streams in the 2009 WVDEP database’® having SO 4 ' concentrations 
higher than found in seawater (>27 1 7 mg L’’). The relationship between mining activities and high sulfate 
concentrations is so well established that the 2008 WVDEP West Virginia Integrated Water Quality 
Monitoring and Assessment Report suggested that S 04 ^‘ concentrations >50 mg L'’ could be used as an 
indicator of mining activity (Fig. 3.1) Id. at 21. 


Upon request, Jeffrey Bailey of the WV Department of Environmental Protection provided a MS Access version of their 
water quality database to E.S.B. on March 27, 2009 
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BASINWIDE COAL PRODUCTION (MILLIONS OF 
TONS MINED PER SQUARE MILE, 1960-95) 

Figure 3.1. Sulfate concentrations in WV 
mountain streams relative to basinwide coal 
production. FROM Paybins, Messinger, 
Eychaner, Chambers and Kozar. Water Quality in 
the Kanawha— New River Basin West Virginia, 
Virginia, and North Carolina, 1996-98 U.S. 
Geological Survey Circular ; 1204 [this report 
appears as an attachment to the 2001 EIS on 
Mountain top mining and valley fill operations^ 


The headwater mountain streams of WV that are 
being impacted by mountain top mining were 
historically dilute with low nutrient levels. An 
earlier study in major watersheds of West 
Virginia direetly linked increases in river sulfate 
load to increasing coal production in the 
watershed (Sams and Beer 1999) and through 
time-series analysis suggested that sulfate 
concentrations in streams continue to increase 
after mining activities end (Sams and Beer 
1999). Likewise, a USGS NAWQA study found 
that, in the Kanawha-New River Basin, total Fe 
and Mn decreased in stream basins as a result of 
reduced coal production between 1991 and 1998, 
while sulfate concentrations continued to 
increase (Paybins et al. 1998). Both of these 
studies document an increase in S 04 ^' loading to 
major river systems that corresponds to increases 
in coal extraction within their watersheds. 

This fundamental change in the chemistry of 
headwater streams can have important local and 


watershed scale impacts on aquatic organisms and ecosystem functions. Elevated sulfate concentrations 
will stimulate microbial sulfate reduction in stream and wetland sediments. As sulfate concentrations 


increase, the production of sulfide also increases and this has important implications for the receiving 
ecosystems. Sulfide is directly phytotoxic to many aquatic plants (reviewed in Wang and Chapman 1999; 


Earners et al. 2002; van der Welle et al. 2008). 


Elevated sulfide also has important biogeochemical impacts. Sulfide binds strongly with iron (Fe) in 
sediments - converting it to pyrite minerals. While this has positive benefits in terms of reducing Fe 
concentrations in sulfate rich mine drainage, it also has implications for nutrient pollution. High sulfate 
loading can also make freshwater ecosystems more sensitive to nutrient pollution by preventing abiotic 
reactions that bind phosphorus (P) to Fe and sequestering P in inaccessible forms in the sediments. High 
sulfide can also inhibit nitrification (the process by which ammonium is converted to nitrate) in sediments 
and thereby dramatically reduce denitrification rates - again contributing to a reduced N removal efficiency 
within S polluted sediments and promoting or enhancing nitrogen eutrophication (Joye and Hollibaugh 
1995). 

Co-Occurring Contaminants, While an increase in sulfate loading is the most predictable consequence of 
mountain top mining in the Appalachians, many other substances are released to surface waters as a result 
of mining activity. In these valleys, the presence of significant carbonate and base cations in parent 
material neutralizes the acidity of sulfate leaching, but leads to dramatic increases in Mg^^ and HCO3' 
ions. This natural acid buffering potential leads to an increase in the pH of receiving streams (rather than 
the more well understood acidification associated with acid mine drainage). The release of these ions 
contributes to dramatic increases in the electrical conductivity and total suspended solids within the water 
column of receiving streams. An analysis of all small streams (width <10m) from the WVDEP database 
for which there are no residences recorded In the watershed (residences = 0) and for which S 04 ^' 
concentrations are >50 mg L-1 captures streams with varying degrees of mining impacts. For this 
dataset, sulfate concentrations are highly correlated with conductivity (Fig. 3,2B R^=0.74) and higher 
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S 04 ^" concentrations are associated with higher Ca, Cl, Fe, Mg and Hardness values (I g 3^) - all of 
which contribute to heightened ionic stress in these impacted streams. 



The abundance of each trace element (excepting Cu) also increases with S 04 ^‘ concentration (Kp^.3). 

Figure 3.3. Concentrations of trace elements +/- one standard error 
within categories of SO 42 - loading for the WVDEP database (all 
streams <10m wide with no residences and > 50 mg L-i 



so/' Concentration {mg L ‘) SO, Concentration (mg L ’) SO,^ Concentration 



so/' Concentration (mg L'*) SO/'Cnncentrarton (mg L'") 
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Elevated Conductivity. Recent studies by Hartman et al. (2005) and Pond et al. (2008) compared water 
quality between paired reference and valley fill impacted streams and found that specific conductivity in 
the filled sites was at least twice as high as in the reference streams (Figure 3AA). Typical specific 
conductance levels in low order West Virginia streams measured in previous research ranged from 13 to 
253 p-S/cm (Angradi 1996; Pond et al. 2008, while valley fill streams exceed these values (502-2540 
pS/cm) (Hartman et al. 2005 and Pond et al. 2008) 


For many streams it is the cumulative or additive impact of elevated concentrations of multiple stressors 
that leads to biological impairment — and this is undoubtedly a part of the reason that conductivity (a 
cumulative measure of ionic strength) is such an effective predictor of biological impairment (Figs. 3.4 
The ionic stress associated with high conductivity can have direct toxicity as well as providing an 
indication of the additive impacts of a variety of solutes. High conductivity can be directly toxic to aquatic 
organisms by disrupting osmoregulation (Pond et al. 2008). This is particularly important for aquatic 
insects with high cuticular permeability. Mayflies in particular are highly sensitive to ionic stress as they 
regulate their ion uptake and release using specialized structures within their gills, integument and 
internally via Malphigian tubules (Komnick 1977, Gaino and Rebora 2000, Pond et al. 2008). For these 
sensitive taxa, large increases in certain ions can disrupt water balance and ion exchange processes and 
cause organism stress or death. Tests for conductivity toxicity for mayflies have often proved inconclusive 
(Goetsch and Palmer 1997, Chadwick et al, 2002, Kennedy et ai. 2003, Kefford et al. 2003, Hassell et al. 
2006), yet studies performed to date typically perform ecotoxicological tests on hardy organisms that are 
easy to rear in lab settings (i.e., Hexagenia, Centroptilum, Ctoeon, Isonychia) and which are likely to be 
less sensitive than the mayfly genera that appear especially susceptible to ionic stress (e.g., ephemerelUds, 
heptageniids) (discussion in Pond et al. 2008). Rather than being directly lethal, high conductivity may 
encourage sensitive taxa to drift out of the reach (Wood and Dykes 2002) - an effect that would not be 
measured in the closed vessels of laboratory trials, but which could strongly alter community structure in 
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Figure 3.4. (A) The background conductivity of WV mountain streams in pS/cm “from an online presentation by 
USEPA Region 3 Scientists Greg Pond and Maigaret Passmore “Revisiting The Analysis of the Condition Of 
Streams In The Primary Region Of Mountaintop Mining/Valley Fill (MTM/VF) Coal Mining” 
http://www.cpe.vt.edii/cmrs/presentations/GregPond.pdf)- Accessed on 30 March 2009.; (B) data from Fulk et al. 
2003 (which appeared as a supplement to Final Programmatic Environmental Impact Statement on Mountaintop 
Mining/Valley Fills in Appalachia - 2005); (B) Figure excepted from Pond et al. 2008. 


The WVSCl is the West Virginia Stream Condition Index. The metric summarizes family level identifications on benthic 
macroinvertebrate assemblages as a “bioassessment” tool for evaluating the condition of wadeabie streams. The metric 
includes six biological metrics that represent the structure and function of the benthic macroinvertebrate community (Pond 
et ai. 2008b). 
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patterns linking high conductivity to a loss of Ephemeroptera taxa (Fit' has ecosystem scale 

importance since these mayfly taxa often account for 25 to 50% of total macroinvertebrate abundance in 
the least disturbed Central Appalachian streams (Pond et al. 2008). The finding that entire orders of 
benthic organisms are nearly eliminated in MTM streams suggest that alkaline mine drainage is 
fundamentally changing the structure of aquatic macroinvertebrate communities (Pond et al. 2008). 

It is widely recognized that individual contaminants rarely exist alone, and although many ecotoxicological 
studies examine the impacts of single contaminsmts on laboratory organisms - it is the actual combined 
toxicity of constituents in field settings that is of interest (Wang and Zin 1997). In cases where an 
association of contaminants is well characterized (e.g., the trace metals and cations associated with alkaline 
or acid mine drainage or the road runoff associated with high traffic volume corridors), a concentration- 
addition method should be applied which assesses their cumulative impact (Wang and Zin 1997). A lack of 
laboratory ecotoxicological effects of any isolated component of the complex mixture of solutes associated 
with alkaline mine drainage pollution should not be used to defer control of the obvious pollution problems 
caused by the combined toxicity of multiple constituents. The weight of evidence suggests that mining 
activities in watersheds often degrade downstream water quality and lead to dramatic alterations in 
macroinvertebrate community structure (Fig. 3 5) Mine sites may vary considerably in the extent to which 
they impact regulated solutes in downstream waters, yet the valley fill operations studied to date are clearly 
causing heightened conductivity and high concentrations. 


These increases in conductivity and sulfate are associated with a loss of sensitive macroinvertebrate taxa 
from affected stream reaches (Figv3.5^^). 
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ngiire^.5. Panel A shows the relationship between the genera based macroinvertebrate metric for 
WV streams (GLIMPSS^) and mining activity [http;//www.cpe.vtedu/cmrsypresentalions/GregPond.pdf 
Panel B shows a femily level macroinvertebrate metric (ttie Hiilsenhoff Biotic Index. MHBI) vs. 
basinwide coal production [fi gure from Paybms et al 2003] 


The GLIMPSS index is a newly developed, genus based assessment of stream macroinvertebrate communities developed 
by US EPA Region 3 scientists which assesses stream condition based on the genera level taxonomic identification. This 
metric has proven much more sensitive to known environmental stressors. 
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There are strong correlative relationships within the WVDEP database which demonstrate that there are 
water quality thresholds beyond which there is little likelihood of protecting benthic communities from 
impairment. Figure 3.6 shows conductivity vs. WVSCI and GLIMPSS scores for all of the samples from 
small streams (<10m) taken during the summer in the mountains ecoregion of West Virginia. In this 
simple analysis a line is drawn at the divide between impaired and unimpaired scores (60 for WVSCI, 50 
for GLIMPSS) and a second line is drawn through the data at the conductivity of 500 pS/cm -the 
conductivity level that appears to be a threshold for sensitive mayfly taxa according to Pond et al. 2008. 
Numbers within each quadrant represent the total number of unique samples in each situation. 

A comparison of these graphs shows that it becomes increasingly unlikely to find an unimpaired aquatic 
benthic community as conductivity increases (as evidenced by the significant negative correlations between 
macroinvertebrate community integrity as measured by either WVSCI or GLIMPSS). Indeed, 86% of the 
West Virginia mountain streams in the WVDEP database with conductivity exceeding 500 pS/cm were 
scored as impaired using the genera based GLIMPSS index. Using the more lenient WVSCI index, 67% of 
all West Virginia mountain streams with conductivities greater than 500 pS/cm were classified as impaired. 
Similarly, 81% of all West Virginia small mountain streams with conductivity greater than 1000 pS/cm 
were scored as impaired using the WVSCI index, and 91% of those streams were scored as impaired using 
the GLIMPSS index. 


Figure 3,6; WVSCI and GLIMPSS Scores vs. Conductivity - 
Ail Summer Mountains Data for streams <I0m wide 



Log Conductivity 



Consequently, as conductivity (and the associated S04^‘, Ca^*, Mg""^, HCO3' and trace metals) increases in 
West Virginia mountain streams — the biological community is degraded. Sensitive species (especially 
Ephemerellidae and Heptageniidae mayflies) are lost from these systems. High conductivity and high 
sulfates can persist long after mining activities cease (Sams and Beer 1999, Paybins et al. 2003, Pond et al. 
2008), and there is little empirical evidence documenting recovery of macroinvertebrate communities in the 
streams impacted by alkaline mine drainage. 


In addition, the differences in sensitivity between WVSCI and GLIMPSS methodologies have important 
long term consequences when WVSCI is used to assess mitigation projects. The resulting data will likely 
mask important impacts to genera that belong to families of benthic organisms where there is a wide 
spectrum of sensitivity to increased conductivity. This means that significant harm to the biological 
integrity of stream ecosystems could be missed or understated when WVSCI is used for mitigation 
monitoring. 
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The PA^il for Mi^atiag Watershed Scale PcstTnction 

The 404 guideiines mandate permit applicants to avoid, minimize and mitigate impacts on the waters of the 
United States to prevent significant degradation of waters of the United States. When impacts are 
unavoidable, stream habitat and functions lost through mining and filling are subject to amelioration 
through mitigation. Because mitigation actions must replace lost stream resources and ecological 
functions, the value of those natural resources and functions must be assessed prior to their loss. This 
va!ue(s) is then used to determine how much mitigation is required. 

Compensatory mitigation to replace lost stream habitat and functions may occur through a variety of 
actions but they generally fall into two categories: 

• Stream enhancement/restoration - Restoration or enhancement of degraded streams in areas 
adjacent or contiguous to the mining site typically involves stabilizing a streambank, re-shaping a 
channel, or replanting riparian vegetation. Enhancement and restoration actions are typically 
applied to perennial streams even if the streams that are lost due to mining are ephemeral or 
intermittent. 

• Stream creation (Fig. 4.1'i — Attempts lo create a stream by excavating a ditch and placing structures 
like boulders and rocks into the channel are often proposed to replace streams that are filled. These 
creation attempts are often undertaken on or near a valley fill and they usually rely on the fill or 
mined area for their water source. 

Figure 4.1: Photos of natural intermittent and perennial streams (left) and a created 
channel (right) along a valley fill 
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A restoration or stream creation plan may attempt to build or fix individual components or channel 
segments but no existing channel restoration or mitigation procedures are yet designed to reintegrate the 
different parts of the drainage network back into a functioning whole after the network has been 
dismembered. 

Deficiencies of plans to mitigate for the loss of streams due to MTVFs fall into six major categories: 

1. Mitigation plans fait to assess ecosystem functions. As described earlier in this document, healthy 
streams are living, functional systems which support a number of critical ecological processes (Table 2.2): 
the processing of nutrients, the decomposition of organic matter and, microbial, primary and secondary 
production (Palmer et al. 1 997a; Naiman et al. 2005; Palmer and Richardson 2008). To date mitigation 
plans associated with mountain top mining have not used readily available methods for directly measuring 
ecological functions yet these processes must be measured in order to determine how and whether they may 
be brought back to the right levels and direction through mitigation. There are now abundant scientific 
studies outlining how to make and interpret such measurements (e.g., Peterson et al. 2001; Gessner and 
Chauvet 2002) and how such measurements can be used to evaluate the success of a restoration project 
(Buckveckas et al. 2007; Roberts et al. 2007). 

Use of well-accepted methods for measuring ecological functions (e.g., see Hauer and Lambert! 1996, 
2006) is important because ecological functions evaluate dynamic properties of ecosystems that underlie an 
ecosystem’s ability to provide vital goods and services (Gessner and Chauvet 2002; Falk et al. 2006; 
Fischenich 2006, Palmer and Richardson 2008). Functions reflect system performance and their 
measurement requires quantification of ecological processes such as primary production or nutrient uptake 
(Hauer and Lamberti 1996, 2006). This should be reflected in the mitigation plan if the plan is to mitigate 
functions that are lost due to the mining through of streams. Functional measures have been used to 
compare degraded vs. restored vs. reference streams (Roberts et al. 2007; Buckveckas 2007; Kaushal et al. 2008). 
and have been shown to be quite sensitive to degradation and restoration (e.g., but to date 

measurements of functions for created or restored MTVF streams have not been published thus there is no 
evidence the mitigation practices result in healthy, fully functional streams. 

2. Mitigation plans fail to adequately assess 
ecosystem structure . Even the structural measures 
typically used in mitigation projects are inadequate 
and fail to comply with minimum scientific 
standards. For example, baseline measurements 

such as macroinvcrlebrate assessments are 

frequently one time measurements instead of 
measurements made on several dates across different 
seasons or years. Invertebrate diversity and 
composition change throughout the year and 
particularly following high flow events which can 
dramatically reduce diversity and abundance for 
short periods of time (days to a week typically), if 
samples are only collected once then findings can 
not be unambiguously Interpreted - if abundances or 
diversity are low is this because the sampling 
happened to be done right after a rainstorm or following a drought? This is particularly problematic in 
mining and mitigation contexts because the streams are ungauged so there is no way to know what flow 
levels that immediately preceded the sampling. 



Unrestored reach Restored reach 


! Site 

i Figure 42: Denitrification rate - pg N/kg 
soil/day (from Kaushal et al. 2008) 
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Another problem is that invertebrate sampling methods described in mitigation plans rely on the use of nets 
or other devices to capture fauna in the water or on the streambed, yet many intermittent streams have 
diverse and abundant fauna in that live subsurface. As Collins et al. (2007) have shown, “streams with no 
visual evidence of surface flow may contain subsurface flowpaths with water cliemistr>' and biota 
comparable to coupled perennial surface flow reaches”. Indeed, assessments of ecosystem structure using 
most rapid bioassessment methods assume that the presence of water in the channel is a pre-requisite for 
stream health. Indeed, ephemeral and intermittent channels are supposed to have wet and dry periods and 
some important ecosystem functions are actually enhanced by alternating wet and dry periods (e.g., 
denitrification; Euliss et al. 2008). 

Assessments of stream chemistry (another structural measure) for mitigation is also typically done using 
samples collected once or at best twice in the streams to be impacted or enhanced for credits. Yet 
snapshots of chemistry tell you little about many chemical parameters that can fluctuate dramatically 
depending on rainfall or inputs from upstream. Organisms are surrounded by stream water continuously 
for extended periods of time and spikes in contaminants or changes in temperature or dissolved oxygen that 
only last hours to days may be lethal to them. Thus one shot sampling efforts fail to pick up such 
‘threshold’ events. 

Most surprising in many mitigation documents are indications that streams are only visually assessed and 
often by a single person i.e., no direct measures are made. Even if photographs are taken, they do not 
provide sufficient information to arrive at a valid ecological assessment of a stream. Quantitative, direct 
measurements of plant diversity, faunal diversity and abundance, channel characteristics and other 
structural attributes should be made by several individuals after cross-calibrating methods. No where in 
the mitigation plans have we seen references to the repeatability of physical or biological assessments 
or when a calibration exercise was completed, if a all. Yet, the National Research Council has 
emphasized that many well-meaning but unsuccessful stream restoration projects have been caused by 
inadequate analysis of the physical characteristics and processes that govern stream form and function 
(NRC 1992). 

Finally, it is inappropriate to use structural measures as surrogates for functional measures because there is 
no scientific peer reviewed study linking stream structure with stream function. In fact, most mitigation 
plans that include stream enhancement or restoration are based on a morphological approach to stream 
restoration that has been extensively criticized in the scientific literature because of its failure to promote 
ecological recovery (Gilliian 1996; Shields et al. 1999; Kondolf et al. 2001; Juracek & Fitzpatrick 2003; 
Niezgoda & Johnson 2005; Smith& Prestegaard 2005; Slate et al. 2007; Simon et al. 2007; Roper et al. 2008). 

3. Stream creation is outside the scone of accepted science. MTVF projects destroy fully healthy 
streams which are often in pristine watersheds. Many mitigation plans propose to re-grade the land and 
then construct a channel that has similar dimensions (width, depth, slope, sinuosity, etc) to the one 
destroyed. Thus the goal is to create a stream vet all the natural flow paths and landscape topography have 
been destroyed. This is not even in the realm of anything that has been scientifically tested and is certainly 
not within the realm of what is considered ecological restoration. As ‘evidence’ that stream creation is a 
routine practice, mitigation plans often cite projects that are actually channel reconfigurations or projects 
that have spatially shifted a section or meander of a channel — these are not the same as stream creation 
because for the former, the natural flow-paths are still intact. 

In practice, ecological stream restoration varies along a continuum from: removing on-going impacts to a 
stream (e.g., preventing toxic inputs) and letting the system recover on its own; to enhancing in-stream 
habitat or the surrounding riparian zone (e.g., adding coarse woody debris to streams and planting 
vegetation) in an othei*wise healthy stream; to full scale restoration that involves manipulations of an 
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existing stream channel (e.g,, re-grading banks and planting trees along a stream with eroding banks) 
(Williams et al. 1997; FISRWG 1998; Karr and Chu 1999). 

Some mitigation plans refer to channel creation projects as “restoration” or “reconstruction” but while the 
latitude and longitude of the streams may be similar to what they were before, everything else that defines 
an ecologically healthy stream will be gone or will have been dramatically altered at the end of the mining 
period (e.g., flow paths, riparian soil and streambed biogeochemistry, groundwater-surface water 
(hyporheic) exchange rates, mature riparian vegetation, etc). In fact, a 1999 study singles out 
mountaintop removal mining and valley fills in West Virginia and adjacent states as the greatest 
contributor to earth moving activity in the United States (Hooke, 1999). Further, there Is no evidence 
provided that the groundwater-surface water exchange, the concentration of suspended sediments, or the 
water quality in the new channel will be similar to what is in the undisturbed streams presently. 

Based on our work leading a national project that developed the first comprehensive database on stream 
and river restoration for the U.S. (38,000 projects in the database; Bernhardt et al. 2005, Palmer et al. 2005) 
and on extensive work with scientists and restoration practitioners, we do not know of a single case In 
which building streams in the manner outlined in mitigation plans have been shown to work, much less 
fully compensate for ecological functions lost when a stream is destroyed. Contrary to suggestions made in 
the mitigation plans, the very concept of creating streams with levels of ecological functioning comparable 
to natural channels on sites that have been mined-through remains untested and quite unlikely to succeed. 
There are no peer-reviewed scientific studies referenced in mitigation plans that demonstrate healthy 
streams can be created after this level of impact to the land has occurred. Even with far less damage to a 
site, stream restoration projects that involve channel modification have an extremely high failure rate 
(Smith and Prestegaard 2005; Tullos et al. 2009; Palmer et al. 2009). 

4. Morphologicallv based channel designs are not ecologically based . Most mitigation plans that 
include stream enhancement or restoration are based on the “Natural Channel Design” (NCD or Rosgen 
approach) approach but the NCD approach to stream restoration is not an ecological restoration approach 
and it has never been shown to promote ecological recoveiy. In fact, results from recent studies point in the 
opposite direction (Tullos et al. 2009). Evidence to date suggests that extensive channel engineering which 
is typical of the NCD approach may in fact cause damage to streams in need of restoration i.e., species 
diversity may actually decrease following restoration and may decrease over time (Palmer et al. 2009). 

The NCD approach is fundamentally focused on channel form (structure) not ecological function. This 
approach was designed by Rosgen (1994) to address channel stability based only on building a channel 
structure (shape, slope, etc) that is able to transport the sediment and water inputs that are expected to be 
delivered to the stream prior to completion. There is no scientific evidence supporting the assumption that 
restoration of channel form will lead to full restoration of function (Palmer et al. 1997b; Hilderbrand et al. 
2005; Falk et al. 2006). How a stream looks (its form) is simply not the same as how it processes (its 
function) material and supports life (primary producers, invertebrates, etc). 

Most MTVF stream mitigation plans assume that selection of a channel type from a channel classification 
scheme such as those proposed by Rosgen (1994) will necessarily result in full ecological restoration, but 
they also assume that use of the NCD or Rosgen approach guarantees successful creation of a channel from 
a geomorphic and hydrologic perspective. However, channel designs based on a classification system that 
has not been fully evaluated at the site can lead to serious failures (Smith and Prestegaard 2005). As 
indicated in Palmer et al. (2005): “Attempts to develop restoration designs based on application of a single 
classification system across many environments have led to many failures in North America (e.g., Kondolf 
et al. 2001), because the specific processes and history of the river under study were not adequately 
understood.” If mitigation projects fail and channels are unstable, this could cause new environmental 
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degradation. However, even if they are geomorphically stable, this does not address restoration of function. 
Indeed, the Rosgen scheme of classification does not deal with ecological functions at all. 

While use of the Rosgen scheme for stream restoration has been very common in the past, current science 
(published in many peer-reviewed scientific journals) has documented numerous reasons that use of this 
scheme for restoration can be extremely problematic (Giliilan 1996; Shields et al. 1999; Kondolf et al. 
2001; Juracek and Fitzpatrick 2003; Niezgoda and Johnson 2005; Smith and Prestegaard 2005; Slate et al. 
2007; Simon et al. 2007; Roper et al. 2008). In fact, an analysis of > 75 channel reconfiguration projects 
overwhelmingly showed that restoration of biodiversity failed (Palmer et al. 2009). 

The fundamental problem with classification based restoration approaches is that they assume fixed 
endpoints and rigid classification schemes in which the type of stream desired can be achieved by 
constructing a specific channel form. Yet, streams are living systems — far more than rock-lined ditches. 
Even from a practical point of view, restoration is far more than creating some design based on external 
appearance. The fundamental distinction between form and function of stream channels is not 
acknowledged by mitigation plans, which focus on structural aspects of channels and ignores functional 
aspects. The NCD method in no way takes into account a whole array of biophysical factors that determine 
the ability of the channel to support all of the living resources in pristine streams in the area. Such factors 
include: intensity and duration of sunlight reaching the stream, which is determined in part by the 
vegetative structure; inputs of organic matter upon which the food web depends; nitrogen and carbon levels 
in the soil and streambed; etc. 

5. Restoration/enhancement of perennial streams do not mitigate for impacts to ephemeral and 
intermittent streams . Headwater streams contribute to the aquatic ecosystem in important ways that make 
them different from perennial streams. In particular, intermittent and some ephemeral streams provide 
unique habitat for a diverse population of insects and other animals, from macroinvertebrates to 
salamanders (Collins et al. 2007). The interaction of groundwater and surface water that takes place in 
these stream segments helps purify the stream and regulate the downstream water temperature, affecting 
both aquatic life and water quality below. As these intermittent and ephemeral streams characteristically 
are found in forested hollows, with considerable riparian vegetation, they play an elevated role in nutrient 
processing and the decomposition of organic matter. In turn, these processes directly affect the downstream 
water quality, aquatic life, and other values. Intermittent and ephemeral streams have unique 
characteristics that distinguish them from perennial streams. The most obvious difference is hydrological ~ 
surface water is only present part of the year and this attribute leads to the support of unique species and 
characteristic communities of organisms that would not exist if flow were perennial. 

We elaborated on the importance of intermittent and headwater streams earlier but it is important to note 
their unique roles with respect to: evolution of diversity; support of unique species and assemblages of 
organisms; provision of refugia that are critical to the life history of many species; and contribution to 
ecosystem processes including biogeochemical cycling, water and sediment storage and transport. 

The evolution of some amphibians (particularly salamanders) and the origins of their diversity are tied to 
the type of periodic inundation and drying “cycle”- it prevents year-round colonization of competitors and 
predators who otherwise may dominate these habits to the exclusion of amphibians (Davie and Welsh 
2004). Because intermittent and ephemeral streams have a seasonal mosaic of habitat types they typically 
support fauna that may not be found in perennial reaches — these fauna may be able to withstand dry 
periods but would not compete well with species common in perennial reaches (Bond and Cottingham 
2007). Some species rely on intermittent or ephemeral reaches as refuges from predation or rely on them 
for spawning — Erman and Hawthorne (1976) found that from 1972 to 1975, an estimated 39-47% of the 
adult rainbow trout {Salmo gairdneri) in a Sagehen Creek, California spawned in an intermittent stream 
while several permanently flowing tributaries attracted only 1 0- 1 5% of the run. 
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Intermittent and ephemeral streams are also critical to biogeochemica! processes that have watershed scale 
impacts (e.g., influence nutrients downstream) and streams that go through wet and dry cycles may support 
high rates of denitrification (Butturini et al. 2003). Further, intennittent and ephemeral streams supply 
water and sediments which are important to downstream perennial reaches (Bond and Cottingham 2007). 
Finally, these smallest of streams act as a link between terrestrial ecosystems and perennial reaches and 
when they are re-wet following dry periods, the inundation of dry organic matter (especially in forested 
region) may release large amounts of dissolved organic matter to downstream reaches (Bond and 
Cottingham 2007). 

6. Constructed channels do not have the energetic base, thennal or flow regimes to support the native 
aquatic community . The energetic basis of the stream food web of mountainous Appalachian streams is 
leaf litter from the surrounding trees (Wallace et at. 1995), For most of the year, bacteria, fungi and aquatic 
insects consume the leaves and wood that fall or are washed into the stream from the surrounding forest 
(Wallace et al. 1982). There may be brief periods of the year (between snowmelt and leaf out and between 
autumn litterfall and first snow) when aquatic plants (algae) are important food resources. Constructed 
streams on or below valley fills are in high light environments, with early vegetation consisting primarily of 
short-stature grasses. With abundant light, algal production is likely to be high (Hill et al. 1995). Further, 
with the open canopy, temperatures may reach levels that native fauna can not acclimate to. Thus, while 
the forested stream ecosystem is fueled by leaf litter from the surrounding forest, the created streams will 
be fueled by algal production. Without a forest canopy, water temperatures in the constructed streams will 
be significantly hotter in summer and significantly colder in winter than in the forested streams. 

Further, there is no evidence that diversion of water flow to ditches or low-lying points creates a 
stream. Sub-surface and surface flow paths to natural streams may be complex and the residence time 
of the water in the groundwater varies before it reaches streams (Gregory et al. 1991; Jones and 
Mulholland 2000). Without a thorough scientific study including a hydrological analysis of 
groundwater, surface water, and hyporheic interactions (rates of flow and flow paths), there is no 
evidence that the water resources left after the mining and mitigation will compensate for what was 
lost. Yet there is abundant scientific evidence that these hydrological interactions determine ecosystem 
functions including rates of whole stream metabolism, nutrient processing, organic matter 
decomposition, productivity and reproduction of invertebrates and fish (Allan and Castillo 2007; Baron 
et al. 2002). In one of the leading hydrologic journals, Wohl et al. (2005) recently reiterated this point: 
“successful restoration requires that key processes and linkages beyond the channel reach 
(upstream/downstream connectivity, hillslope, floodplain, without question; water, sediment and 
hyporheic/groundwater connectivity) be considered. The importance of these linkages Is organic 
matter, nutrients and chemicals move from uplands, through tributaries, and across floodplains at 
varying rates and concentrations.” In short, mitigation based on diverting flow to sediment ditches will 
not “replace” stream functions and showing this would require data and detailed studies. Certainly 
“removing interior barriers and reconstructing outlets [from drainage control structures]” combined with 
the placement of a few rock vanes and root wads, will not convert mining drainage ditches to streams that 
replace ecological functions that were permanently lost. 

Successful restoration requires that key processes and linkages beyond the channel reach 
(upstream/downstream connectivity, hillslope, floodplain, and hyporheic/groundwater connectivity) also be 
considered (Sear 1994; Stanford et al. 1996; Graf 2001; Palmer et al. 2005). The importance of these 
linkages is without question; water, sediment, organic matter, nutrients and chemicals move from uplands, 
through tributaries, and across floodplains at varying rates and concentrations. 
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7. Existin 2 mitigation approaches fail to include anv mechanisms that will reduce the export of 

HCO^\ Fe and trace metals from mined sites, or that will remediate these impacts for the 

water columns of constructed channels. Most mitigation plans merely state that channels will be 
constructed using natural channel design approaches and that their success will be gauged based upon their 
structural similarity to reference sites, if the water flowing through these mitigated channels comes into 
contact with overburden it will contain the characteristic signature of alkaline mine drainage. Thus the 
capacity for even a channel that is “structurally and hydrologically” similar to reference streams to support 
a diverse aquatic fauna and an ecosystem functional capacity similar to those lost when unmined streams 
are buried will be very constrained. The severe water quality degradation associated with water flowing 
through mined landscapes will constrain mitigation success. The mitigation projects associated with 
MTVF operations are not designed to actually mitigate for the severe water quality impacts generated, and 
these long-term, long-distance impacts represent unmitigated stressors to the stream reaches below valley 
fills and to the full river network extending downstream. 

8. Current monitoring requirements for mitigation projects will not assure ecological success. 

Mitigation_proJects are typically monitored for 5 to 10 years after completion. The required monitoring 
suffers from the same short falls that have been previously discussed, failure to measure stream functions 
and inadequate structural measures. In addition, while the burial of streams is permanent many stream 
enhancement projects will be of short duration (testimony says 20-25 years). Thus monitoring of 5-10 
years will miss the temporal differences between impacts and the mitigation intended to offset them. 

Indeed, since the time frame for full forest re-growth that is required for full restoration of ecosystem 
functions and biodiversity is on the order of many decades, monitoring should continue for at least 30 
years. 
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From Senator Boxer: 

Ql. In your opinion, con the adverse water quality impacts of mountaintop removal coal 
mining be offset or mitigated with eurrently available restoration techniques? If these 
water quality impaets can’t be cfrcctively mitigated, then what are the long-term 
consequenees of losing biological functions of these streams? 

Answer: Likelihood of mlligalloit success. The impacts of mountaintop mining with valley fills 
(“MTM/VF") are immense and irreversible, and there are no scientifically credible plans for 
mitigating these impacts. 

Mitigation for the loss of streams from valley fills generally includes offsite enhancement of 
streams structurally (i.e„ adding rocks or re-grading a streambank), or, onsite attempts to ‘create 
streams' on or near valley fills by digging ditches and sculpting rocks in an artificial channel, 
flowcvcr, there is no evidence that structural approaches like these that focus only on channel 
form. c.g. creating artificial channels in former drainage ditches or channel manipulations and 
placement of in-stream structures, will lead to the recovery of the ecological functions that are 
lost by the valley fills. In addition, mitigation projects not only fail to address stream function 
but also fall to use generally accepted scientific protocols when using structural measures. 

While mining companies are attempting to construct new stream channels in reclaimed mine 
lands, there arc no examples of successful creation of streams in any setting. Based on work 
leading a national project that developed the first comprehensive database on stream and river 
restoration for the U.S. {>37,000 projects in the database; Bernhardt et al., 2005, Palmer et al. 
2005) and on extensive work with scientists and restoration practitioners, 1 do not know of a 
single ease in which building streams in the manner outlined in MTM/VF mitigation plans have 
been shown to work, much less fully compensate for ecological functions lost when a stream is 
destroyed. Any claim that the structure and function of high gradient, forested headwater 
streams could be recreated in the flat grasslands of a reclaimed mine Is thus highly suspect. 

Even if channels are constructed with high quality habitat, the routing and liming by which 
rainwater and groundwater are delivered to these channels will be highly altered. As a result, the 
channels are likely to be filled with waters polluted by alkaline mine drainage (resulting from 
subsurface flows through mining fill) or to flow only during major precipitation events, in cither 
case, there is little reason to expect that these constructed channels would support the diverse 
fauna of Appalachian headwater streams or that they would even approximate the energetic and 
nutrient transport processes of the stream they are meant to replace. Typical mitigation projects 
do nothing to reverse the severe ecological consequences of the water quality impacts 
downstream from large-scale surface mining operations. 

The use of stream restoration or enhancement projects for mitigation is also problematic because 
they are frequently done in perennial streams whereas impacts are usually in ephemeral streams 
or intermittent streams. Intermittent and ephemeral headwater streams have unique roles with 
respect to: evolution of diversity; support of unique species and assemblages of organisms; 
provision of refugia that arc critical to the life history of many species; and contribution to 
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ccosyslem processes including biogeochemical cycling, water and sediment storage and 
transport. Thus, there is a structural and functional mismatch between the loss of ephemeral and 
intermittent streams and the enhancement of perennial streams. 7 

Answer: long-term consequences of losing biological functions. The long-term impacts of the 
failure to effectively mitigate the impacts of moumaintop mining are significant. Many studies 
to date have shown that when impacts to watersheds e.nceed 1 0- 1 5% of the watershed area, there 
can be dramatic declines in aquatic biodiversity and water quality (Allan 2004; Booth et al. 2004; 
Morgan and Cushman 2005; Moore and Palmer 2005). Yet, for example, documents from the 
Huntington Army Corps of Engineers indicate that individual permits issued for valley fills in 
southern West Virginia in 2008 will contribute to cumulative impacts of subwatersheds 
anywhere from 17 to 51%. In the major Coal River watershed, cumulative disturbance is 12.8% 
of 891 square miles. Thus, dramatic impacts are occurring in entire regions of central 
Appalachia. 

Three fundamental scientific principles are critical to understanding why cumulative impacts of 
MTM/VF on downstream aquatic resources are so important. First, changes at the watershed 
scale influence stream hydrology throughout the catchment (Brooks 2003). The timing and 
magnitude of stream flows result from complex interactions between rainfall, plants, topographic 
relief, and soil properties of all land above a drainage point (Tong and Chen 2002). Once 
vegetation is lost, as occurs on mined and even reclaimed mine land, hydrological changes that 
negatively impact stream biota and water quality ensue (Simmons et al. 2008; Ferrari cl al. 

2009). 

Second, stream water chemistry is shaped by water processes that occur as rainwater infiltrates 
the ground and moves through pore spaces and soil on its way to streams (Allan and Castillo 
2007). Microbial processes between the water, soil, and rooted vegetation lead to biochemical 
transformations that influence water quality. Not only are these processes fundamentally altered 
by the dramatic land disturbance at mined sites but water emerging from valley fills carries with 
it dissolved constituents that are toxic or damaging to biota. Pollutants added to ephemeral and 
intermittent stream channels will be transported downstream to larger rivers. The more surface 
mining and valley fill activity within a large watershed, the greater the cumulative transport of 
alkaline mine drainage pollutants to major rivers will be. The cumulative effect of alkaline mine 
drainage is highly corretaied to biological impairment in streams below MTM/VF sites and can 
persist long after mining activities cease. Scientists have found no empirical evidence 
documenting recovery of biological communities in the streams impacted by alkaline mine 
drainage. The water quality impacts of MTM/VF mining are more severe and more persistent 
than other land use changes within the southern Appalachians. 

Further, in 2005 the US Environmental protection Agency and other federal and state agencies 
completed an environmental impact statement on the impacts of mountaintop mining and valley 
fills (USHPA 2005). Over 1,200 stream segments were examined. A key finding was that the 
valley fills used for waste disposal are a primary source of selenium contamination. Given the 
si/.c and placement of these fills, selenium leaching and associated pollution of downstream 
aquatic habitats, left untreated, will continue. Since that time the West Virginia Department of 
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Environmental Protection has identified many streams downstream from mountaintop mining 
sites that are impaired by selenium. EPA clearly, and correctly, recognized selenium as a 
substantial ecological risk. In addition, downstream from a large mining complex that is a 
known selenium hotspot, there is a fish consumption advisory due to bioaccumulation of 
selenium in the fish. 

Third, downhill movement of water and one-way flow in stream networks mean that whatever 
happens on land or, in l“ and 2"^ order streams (headwaters), not only determines sediment and 
water flow in streams and rivers below but also determines ecological structure and functions of 
larger waterways (Allan and Castillo 2007). In short, MTMA'F within a watershed can directly 
destroy local stream reaches through filling or can downgrade downstream reaches by altering 
the magnitude, timing and composition of water flow. 


From Senator Cardin: 

Ql. Can you explain; 

i. What contaminants from MTMA'F sites cause the elevation in conductivity; 

ii. How it gets into the water; 

iii. What is the correlation between conductivity and species decline? 

Answer: Contaminants that cause the elevation in conductivity. The water quality impacts at 
MTMAfF sites are more severe and more persistent than other land use changes within the 
southern Appalachians. Streams impacted by MTMA^F often have 30-40 fold increases in 
sulfate concentrations and sulfate concentrations in receiving waters continue to increase after 
mining activities end (Sams and Beer 1999; Brooks et al. 2003; Pond et al. 2008). High sulfate 
concentrations can lead to impacts on aquatic organisms and ecosystem functions. Ions of 
calcium, magnesium, and bicarbonate increase dramatically in the waters so that electrical 
conductivity levels in receiving streams below fills can be extremely high (“alkaline drainage 
syndrome”). Trace elements of iron, aluminum, zinc, and selenium are often elevated as well 
(WVDEP database; Brooks et al. 2003). The cumulative effect of elevated levels of all these 
ions is highly correlated to biological impairment in streams below MTM/VF sites. Functionally 
important aquatic biota arc sensitive to high conductivity which causes ionic stress disrupting 
water balance and causing stress or death (Goetsch and Palmer 1997; Chadwick et al. 2002; 
Kennedy et al. 2003; KelTord et al. 2003: Hassell et al. 2006; Pond et al. 2008). 

Answer; How contaminants get Into the water. The fragmentation and exposure of mined rock 
to air and water results in high rates of rock weathering, which leads to increased concentrations 
of a number of chemical constituents in the stream water below fills. The exact composition of 
the discharge depends on the concentration of trace elements and toxic materials in the parent 
material. It is important to note that mining results in increases in both the concentration of 
solutes and in the volume of water exported from the watershed. This means that the total mass 
of solutes delivered to downstream ecosystems if higher than concentration changes alone would 
suggest. 
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Answer; Correlation between conUitctlvity and species decline. For many screams it is the 
cumulative or additive impact of elevated concentrations of multiple stressors (even though the 
concentration of any one solute may be low) that leads to biological impairment-and this is 
undoubtedly a part of the reason (hat conductivity (a cumulative measure of ionic strength) is 
such an effective predictor of biological impairment. The ionic stress associated with high 
conductivity can he direct toxicity as well as providing an indication of the additive impacts of a 
variety of solutes. High conductivity can be directly toxic to aquatic organisms by disrupting 
osmoregulation (Pond et al. 2008). This is particularly important for aquatic insects with high 
cuticular permeability. Mayflies in particular are highly sensitive to ionic stress (Komnick 1977; 
Gaino and Rebora 2000; Pond et al. 2008). For these sensitive taxa, large increases in certain 
ions can disrupt water balance and ion exchange processes and cause organism stress or death. 
Consequently, as conductivity (and the associated 804 2-, Ca2-t-, Mg2-t-, HC03- and trace 
metals) increases in central Appalachian mountain streams-the biological community is 
degraded (Figure I, below). Sensitive species (especially Ephemerellidae and Heptageniidae 
mayflies) are lost from these systems. High conductivity and high sulfates can persist long after 
mining activities cease (Sams and Beer 1999; Paybins et al. 2003; Pond et al. 2008), and there is 
little empirical evidence documenting recovery of biological (macroinvertebrate) communities in 
the streams impacted by alkaline mine drainage. Thus, many thousands of miles of downstream 
reached have been impacted by the resulting sediment and chemical pollutants that are 
transmitted throughout the river network. 
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Figure 1 . Number of sensitive Insect (mayflies) groups (genera) as 
a Unction of stream conductivity in West \4rginla streams with 
different levels of mining impact. Mayflies are widely recognized by 
the scientific and management community as indicators of water 
quality. From Pond et al. (2008). "Downstream effects of mountain 
top coal mining." Journal of the N. American Benthol. Society. 
27:717-737, 
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Q2. When a valley is buried under contaniinaicd mine spoil the restoration of functional 
hydrology and ecologically significant stream is difficult. As part of your work you have 
evaluated stream restoration projects, did some of those projects involve creating streams 
and if so could you describe their functionality? 

Answer: restoration of hydrology and ecology. When contaminated mine spoil fills a valley and 
buries a stream, the stream is completed destroyed along with ail of its biota and the ecosystem 
functions is previously provided. Even if you could dig a new channel in the same place, the 
mining activities have removed the forests and altered the mountain summit e.xtensively 
(typically flattened) thus all of the natural water (low paths, the vegetative inputs to streams, the 
riparian soil and the streambed biogeochemistry are fundamentally different or totally absent. 

For this reason, the ecological or hydrological conditions will never be the same as what was 
present prior to the MTM/VF. Even ACOE permitting documents acknowledge that the 
hydrology in MTMA'Fs is altered permanently. 

Answer: Stream creation. 

Stream creation as described in mining permit proposals typically involves digging channels that 
are similar in physical form (e.g., width, depth) to un-impacted headwater streams and are on or 
below a valley fill. A recently released federal rule refers to stream creation as a valid form of 
mitigation while acknowledging the lack of science documenting its effectiveness'. There are 
certainly no peer-reviewed publications documenting the successful creation of the hydrological 
and ecological structure and functions of a stream. I have evaluated hundreds of stream 
restoration projects in person (on the ground) and have led an effort to review written records on 
>37,000 stream restoration projects in order to develop a stream restoration database for the U.S. 
fwww.rcstoringrivers.oru'l . Even after all of this research, I know of no cases in which a stream 
was created de novo and was fully functional ecologically. It is important to note that re- 
directing a section of an existing stream has been done but this is not creating a stream de novo. 
Stream creation is simply not within the realm of current science - we do not have the tools or 
knowledge to do this and even if we could, doing so below a mining site would prevent full 
ecological recovery due to the hydrological and chemical contaminant issues. 


Q3. Dr. Palmer - isn’t it true that unly a few streams are lost for every mine in operation? 

Answer: Extent of stream loss. The foot print of stream fills at a single mining operation may 
vary from fractions of an acre to hundreds of acres (USEPA 2005, p. 111-33). A large recently 
proposed mine in West Virginia will permanently fill over 8 miles of streams.^ Many studiers to 
date have shown that when impacts to watersheds exceed about 1 0-1 5% of the watershed area 
(regardless of watershed size), there can be dramatic declines in aquatic biodiversity and water 
quality (Allan 2004; Booth et al. 2004; Morgan and Cushman 2005; Moore and Palmer 2005). 


I U.S. EPA and U.S. ACOE. Federal Register. Vol. 73 (70) April 10, 2008 

• www.irh.usacc.itrinv.niti/ kd.''hL‘ms'aclions,c{in?act>oir-Sho\v&ilefn id U54t&tlestinatton Showitem 
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So the streams rilled at a single mine may represent a signiTicant portion of an individual stream 
or subwatershed. Thus, signiOcant local water quality impacts may occur. 

In small subwatersheds cumulative impacts rrom coal mining operations Trequently exceed 10% 
(Table I , below). Even more importantly, major watersheds in central Appalachia are impacted 
by numerous mining operations causing significant cumulative impacts and dramatic 
declines in aquatic biodiversity and water quality. For example, in the Laurel Creek of the Big 
Coal River in WV, 28% of the total stream length have been buried beneath valley fills or 
impacted by surface mines. In the larger Coal River watershed cumulative disturbance is 12.8% 
of 89 1 square miles (570,726 ac). Thus, dramatic impacts arc occurring in entire regions of 
central Appalachia. 


Table 1. Percent of watershed covered by past, present, and pending mining permits based on ACOE 
permit Decision Documents for all new Clean Water Act 404 dredge and UN individual permits Issued in 
2006 in West Virginia. 2008 Permits were those rehected In online notification bulletins. 


Mine 

West Virginia 
Watershed 

Watershed 

acreage 

% of Watershed 
Covered by 
Mining Permits* 

21.90% 

!9.00% 

Decision 

Document 

Page 

Coal Mac. Phoenix No. 5 

island Creek 

Pittcon Creek 


l.(p.37) 

Keystone Industries, Rush 
Creek 

Rush Creek 

2,934 

25.80% 

HHi 

Independence, Twiliaht 

West Fk -Pond Fk 

27,389 

24.40% 


Loadout, Nellis Mine 

Fork Creek 

8,861 

17.15% 

Hinm 

Hobel Mine No. 22 

Upper Mud River 

22,457 

31.86% 

5.(0. 103-104) 

Appalachian Fuels 

Smithers Creek 

19,000 

33.70% 

Hi 

Alex Enei^y/Souih 

Whitman Creek 

8.040 

51% 



‘Percentages based on permitted areas and may not reflect actual disturbance. 


Further, the Mounlainlop Mining Programmatic Environmental Impact Statement (“MTMEIS”) 
found that in 2002 more than 1,300 miies of stream channels in central Appalachia had already 
been buried by valley fills or directly harmed by mining. Later studies by the Office of Surface 
Mining found that from Octoberof 2001 to June of2005, mining permits impacts yet another 
535 miles ofstream nationwide and approximately two-thirds of those impacts were from valley 
fills. I.osscs of this magnitude mean some downstream reaches may be permanently impaired. 

The headwater streams of the southern Appalachians arc a biodiversity hotspot, supporting 
hundreds of species (some unique to these smallest of streams) that require stream habitat for all 
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or part oT their life cycle. The organisms living within headwater streams are well adapted to 
habitats with large Huctuations in flow and populations persist through occasional droughts and 
floods within stream sediments and isolated pool habitats. Despite their resilience to fluctuating 
flows, these organisms are not adapted to the dramatic changes in water chemistry that result 
from valley fills. In particular, the diverse historic assemblages ofsalamanders and mayflies are 
lost from polluted streams. According to studies done for the MTMEIS, not only is the region 
“known to have the highest regional concentration of aquatic biodiversity” in the country but 
also loss of these species “would have a disproportionately large impact on the total aquatic 
genetic diversity of the nation.” (USEPA 2005; App. 1, p. 79-80). 

The loss of these ecosystems is also critical to the provision of water that is clean and abundant 
in supply to the larger downstream streams and rivers. The fragmentation and e.xposure of mined 
rock to air and water results in high rates of rock weathering, which leads to increased 
concentrations of a number of chemical constituents in the stream water below fills. Some of 
these cause acute toxicity in aquatic life, but many of them cause chronic low level stress to 
organisms. The chronic stress from many chemicals adds up to serious problems for organisms. 
The high level of impairment found in streams below mining valley fills is because the additive 
impact of ail this stress is simply too much for many species, 'fhus, it is the cumulative impact 
of elevated concentrations of multiple stressors that leads to biological impairment. Many 
thousands of miles of downstream reaches have been impacted by the resulting sediment and 
chemical pollutants that arc transmitted throughout the river network. 


Q4. Isn’t it true that the levels of these chemicals you mentioned are very low in streams 
below valley fills? 

Answer: level of chemical contaminants. I provided e.xlensive information on this topic for 
Senator Cardin’s Question 1 (above) and will not repeat that text here. 1 tried to explain how 
pervasive and serious the contaminant inputs are to streams below MTMA'F sites. 1 will add 
that water quality of these streams is a serious issue, because when Selenium enters the aquatic 
food web it can reach levels that are toxic to fish and wildlife, such as birds. Selenium occurs 
naturally in coal. It is leached out from coal and overburden that fills valleys when they are 
c.xposed to air and water. Professor Dennis Lemly of Wake forest University, who is a world 
expert on selenium and its ecological impacts, has completed numerous studies and a white 
paper he wrote on the topic was submitted as part of the hearing. 1 refer you to this paper for 
details, but describe the seriousness of the issue very briefly here. Because selenium can be 
bioaccumulated in the tissue of organisms, even small quantities in the water can lead to major 
problems for organisms; as you move up the food chain, Se is concentrated more and more and 
can cause severe abnormalities, death, or reproductive failure. But it is not only small quantities 
that are found in streams below MTMA'F sites. Selenium in discharge from a mountaintop 
removal coal mining operation in West Virginia polluted downstream receiving waters to levels 
that far exceed toxic thresholds for fish (from Lemly 2008, 2009). The maximum concentration 
(82 ug/L) is over fifteen times the threshold for toxic bioaccumuiation. 
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Wc know «hal this is a major problem in Appalachian streams impacted by mountaintop mining, 
because a major environmental impact study was completed in 2005 by four federal agencies and 
the West Virginia DEP (EPA 2005). Over 1200 stream segments were examined, finding that 
the valley fills used for waste disposal are a primary source of selenium contamination. Because 
of the size and placement of these fills, selenium leaching and associated pollution of 
downstream aquatic habitats, left untreated, will continue in definitely. 

QS: As part of your work, have you evaluated stream restoration projects and, if so, did 
some of those projects involve creating streams? 

Answer: stream creation. This is answered in Q2 (above). 
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Senator Cardin. Well, thank you, Dr. Palmer, and thank all of 
you for your testimony. Let me ask a couple of questions and then 
I will yield to Senator Alexander. 

Dr. Palmer, you make a pretty convincing case in regards to pub- 
lic health and environmental risks associated with the contami- 
nants from mountaintop removal as well as the loss of the head- 
waters the impact that has had on the environment. 

My question to you is, how effective would remedial programs be 
to mitigate these damages? Are there ways in which we can restore 
the environmental damage caused by these fills? Is there any effec- 
tive way to reverse this after the damage has been done? 

Ms. Palmer. Well, so far there is no scientific evidence that that 
can be done. I mention that the impacts persist a very long time, 
even after mining has stopped. The U.S. Geological Survey and oth- 
ers have done studies, for example, in watersheds where mining 
has been ceased for a number of years and they are still finding 
high levels, for example, of selenium. In some cases, are talking 50 
years out. 

So, what it means is that you really cannot reverse that, not at 
least in any time span that we can relate to as humans. 

Two forms of mitigation are the ones that I have seen most often: 
attempts to create streams, as I mentioned, by digging a ditch and 
moving water through it; and, attempts to restore streams that are 
nearby. 

When you have taken the entire top of the mountain off, you 
have fundamentally altered the hydrology. Headwater streams are 
supported primarily, or to a large extent, by groundwater inputs. 
When you have a valley fill in, and a fiat top mountain, when it 
rains on that mountain, the water moves into the valley fill and it 
actually infiltrates very rapidly. You get a larger discharge out of 
that valley fill than those streams below it have ever experienced. 
It tends to be much more constant. And very little of that, or none 
of that, has passed through the normal groundwater paths that a 
healthy stream would receive. 

Keep in mind that when it rains in a healthy watershed, the 
vegetation, the soil bacteria and those very specific layers of soil 
that are present in these forests help remove contaminants, if there 
are any, in the rainwater. They also supply the water with nutri- 
ents. And as that water soaks into the ground, it reaches a point 
and it moves laterally to the headwater streams. That is why they 
say this is where rivers are born. 

So, it is hard to imagine, without geological time passing and 
getting new mountains back, how you could possibly ever replace 
those streams that are lost. 

Senator Cardin. Well, thank you for that answer. 

Secretary Huffman, I want to get to your point about the fact 
that there is more fill than just coming from mountaintop mining. 
I understand that point. I want to know what you think you can 
do in West Virginia to deal with the headwater issue. From your 
testimony, you indicate that is an issue. What can be done in order 
to restore or to preserve the headwater streams that you think is 
effective without denying these permits? 

Secretary Huffman. Well, there has been a lot of activity over 
the past 10 years. We have been through a cycle, at a more lower 
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level that is similar to the dehate today in the last 1990s and the 
early part of this decade regarding some of these similar type ac- 
tivities. One of the many results of that was an attempt to come 
up with different formulas for reducing the size of the valley fills 
because it was recognized that that was an issue that was growing 
in West Virginia. 

Subsequently, the sizes of the valley fills that are being per- 
mitted have shrunk. But I think an unintended consequence of that 
is the number of valley fills has increased. 

There is a lot of work that needs to be done. A lot of the things 
that Dr. Palmer is talking about are currently being researched 
and experimented with and we think that is the nature of environ- 
mental regulatory programs and the protection of the environment 
is for the science to continue to be the driver, we agree with that, 
and research dollars need to be invested and solutions sought. Ab- 
solutely. 

Senator Cardin. Let me yield to Senator Alexander. I will have 
a few questions after Senator Alexander is finished. 

Senator Alexander. Thanks, Mr. Chairman. Again, I apologize 
to the witnesses for, well, when I was Governor I could schedule 
things properly. But the Senate does not work that way, does it? 

[Laughter.] 

Senator Alexander. Our subcommittee hearing ran and I had to 
be there for it and then we had our vote. So, I will read the testi- 
mony that you have sent it and consider it very carefully. It will 
be a part of our record. And this is just the first of our hearings 
on this subject. 

I want to Mr. Sloan, if I may, and if I ask you a question that 
you answered when I was not here, excuse me, but I would like to 
make sure that I get it. 

Am I correct that, as we define it today, the coal mining practices 
in Tennessee do not remove the tops of mountains and place them 
in streams? Is that correct today? 

Mr. Sloan. That is correct. Senator. 

Senator Alexander. In the past 15 or 20 years, did we have 
mountaintop removal, by that definition? 

Mr. Sloan. Not by that definition. We did have very limited, our 
staff has gone back some 15 or more so years ago and identified 
one case where we had a mountaintop removal which we would de- 
fine there as that the mountain was not returned to some proxi- 
mate contour of the historical contour of the mountain. That does 
not mean that there had not been mountaintop landscapes signifi- 
cantly affected by the mining activity, but not mountaintop re- 
moval as we defined it. 

Senator Alexander. Would it be possible, under current Federal 
law, for a mountaintop, well, for coal mining, to take excess waste 
and dump it in streams in Tennessee? 

Mr. Sloan. Boy, that is an interesting question. It is particularly 
interesting for us because we administer both the Federal Clean 
Water Act as well as our own Water Pollution Control Act. And 
under our Water Pollution Control Act, there is no question that 
we do not allow it. 

In administering the Clean Water Act, and particularly the 401 
certification, it would be our, it is a hypothetical, in a way, because 
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we are administering both now. But, my thought is that we would 
not certify valley fills under 401 simply because we could not be 
satisfied that there would be no net loss of resources. 

Senator Alexander. But your administration may not be there. 
Will it be there for another year-and-a-half? And would you agree 
that, in order to make sure that we do not have those excess 
wastes put in valley streams again, that we should change the Fed- 
eral law in the way that Senator Cardin and I have suggested? 

Mr. Sloan. I would absolutely concur with that. I think for West 
Virginia, Virginia, Kentucky, Tennessee, all of Appalachia, all 
those of us who are charged with oversight of environmental laws, 
consistency, clarity, is at a premium. And we do not have it today. 
And there are a number of pieces of legislation, particularly the 
Appalachian Restoration Act, I think, that brings clarify and con- 
sistency, and that is very important to us. 

Senator Alexander. We have talked about mining practices in 
Tennessee. But is it not possible, or likely, that mountaintop re- 
moval has had some effect on waters that come into Tennessee 
from other States? 

Mr. Sloan. Very possible. I have to say that certainly we share 
some very important rivers with our neighboring States, one of 
which is Virginia. I am very proud of an MOU that we have with 
Region 3 and Virginia DMME, the Department of Mining, Minerals 
and Energy, as well as Virginia DE, too, which focuses on the 
Clinch and the Powell and the extraordinary aquatics there. 

But it really does take a regional approach. It takes partnership. 
I am delighted that we have it there and we are making, I think, 
some good progress on the relative impacts occurring in the neigh- 
boring States. 

Senator Alexander. I remember that, some time ago, when I 
was still Governor, Governor Allen and I did some work together 
on that. 

I have one last question, if I may. Mr. Chairman, most of our 
coal mining in Tennessee is in four upper Cumberland counties 
which are naturally beautifully counties and they have historically 
been among our poorer countries, more low-income families. That 
is changing somewhat now, based on my visits, because of the nat- 
ural beauty of the area and the parks in the area. People are mov- 
ing in. Money is coming in, creating more tourism and jobs. 

I know the Governor of Tennessee has talked to me before about 
his interest in evaluating how we can make certain that we have 
appropriate coal mining in the area but, at the same time, we do 
not do anything to damage the natural beauty of the area, not just 
for environmental reasons, but because of the importance of raising 
family incomes by tourism and by bringing people in who buy 
farms and buildup the property tax. 

I think back on the Great Smoky Mountain National Park, which 
is celebrating its 75th anniversary this year. While it is nearly, 
what is managed, is nearly a wilderness area, all of the incentive 
for it 75 years ago was for economic development. It was a bunch 
of people in the eastern United States who said well, why are all 
these parks out west? We want one, too. We want the tourists. And 
we want their dollars. 



197 


So, what is the Governor’s attitude, and yours, about the impor- 
tance of maintaining the parks and the natural beauty of the area 
as a way of raising family incomes in the upper Cumberland part 
of Tennessee? 

Mr. Sloan. I think both the State, as well as the Federal Gov- 
ernment, have invested largely in assuring public access and public 
lands on the plateau. I had said earlier that we have roughly 
600,000 acres on the plateau that are public lands. We have over 
80 State and Federal parks and natural areas, including the Big 
South Fork Scenic River and Recreational Area. And 2 years ago, 
the Governor acquired conservation interests in over 130,000 acres 
on the plateau, which is the largest land acquisition for the State 
of Tennessee, and for the enjoyment of the people of Tennessee, 
since the Great Smoky Mountains. 

So, I think that is a value that is held very highly by this admin- 
istration and by the entire State. 

Senator Alexander. Thank you very much. And you might tell 
the Governor that at the subcommittee meeting that I just went to 
on the Interior Appropriations Committee bill, that the full com- 
mittee approved another $5 million or so for the purchase of lands 
in upper Cumberland regions. So I would want to make sure that, 
at the same time we dealt with legislation like this, Mr. Chairman, 
that it was not inconsistent with that. 

Thank you for allowing me a little extra time for my questions. 

Senator Cardin. I appreciate it very much. 

I just want to follow up on the economic issue for one moment, 
because, in all of our States in the Appalachia, the tourism dollars 
seem to be increasing rather dramatically. It is a beautiful area. I 
live close by and I have been up to Appalachia many times. It is 
a growing industry. We have the numbers and the numbers seem 
to be growing. It seems to me that some of the environmental risks 
and public health risks are counter to the economic opportunities 
of this region. 

Secretary Huffman, one thing that I think I noticed in your testi- 
mony, and I just want to challenge if, for a moment, and give you 
a chance to respond. One of the arguments that have been made 
on the fills is the flattening of the mountaintops, particularly as for 
development. It gives you economic development opportunities. And 
yet the studies that I have seen show that there is very little devel- 
opment being done in these lands that are basically being left in 
these conditions. Very little has been developed. I think Mrs. 
Gunnoe has a point about how people do not want to live near 
these areas anyway. 

Do you have any indication about the economic development op- 
portunities associated with this? I think I saw that somewhere in 
your testimony, and I just want to give you a chance because it 
seems like just the opposite is true. 

Secretary Huffman. Well, Senator, that is a very good question. 
Historically, we have not been very good at taking advantage of the 
opportunities that the reclaimed mine land would offer and present 
for the local communities in rural West Virginia. A couple of 
changes recently have taken place that is changing that whole dy- 
namic. 
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First of all is the post-mining land uses that are being selected 
now, and this is a trend that has heen going on for 5 or 6 years, 
has been to select the forestry reclamation approach. Nearly 80 
percent, I think it is about 78 percent, nearly 80 percent of the 
post-mining land uses that are chosen for all of our surface mining 
activities in the State are what is called the forest or reclamation 
approach. That consists of reestablishing the native hardwood for- 
est. We are basically planting trees. And there is a science to that. 
It is not a matter of sticking a seed in the ground. 

So that has been the vast majority of the reclamation approaches 
that have been taking place recently. Just this last legislative ses- 
sion, in fact it was last week. Governor Manchin signed into law 
a post-mine land use bill that would bring together the local rede- 
velopment authorities and get local buy-in and force them, or re- 
quire them, to develop a land use master plan for their county as 
it relates to surface mining and ensure that any time there is an 
opportunity to take advantage of a reclamation project on a mine 
site, that that is done in a coordinated fashion. 

Historically, we have not communicated very well. We have not 
done a very good job with that and the Governor recognizes that 
is an issue and we are moving in that direction. 

We are building, if you do not mind me, please stop me if you 
want me to stop 

Senator Cardin. I want you to give as much West Virginia com- 
mercial time as you want to take on potential development. And I 
want you to have those reclamation projects and I want to make 
sure our water supply is clean and I want to make sure that we 
deal with the environmental risks here. 

I am going to put into the record a number of studies, to be in- 
cluded in the record, and they show, let me just give you this num- 
ber, one shows that there have been over 5,800 valley fills in West 
Virginia and Kentucky over the last 10 years. A VA Tech professor 
estimates that less than 1 percent has been reclaimed for economic 
development. I do not know, again, we will look at those specific 
numbers. 

I only raise this because we hear about the economics. All of us. 
Senator Alexander and I, started off by saying coal is an important 
part of America. In West Virginia and Kentucky, there is great po- 
tential for economic growth that we think may be hampered by 
mountaintop recoveries. We think that needs to be taken into con- 
sideration when the economic argument is made. 

We are here to talk about public safety, the water, et cetera. But 
we hear the economic arguments. And, in some respects, I think if 
you use the economic arguments, it is another reason to stop moun- 
taintop recoveries, because I think you have a much better chance 
of economic growth without that type of activity and the reclama- 
tion issues are much more complicated when you have taken off 
the mountaintop. 

I want to ask one more question, to Mrs. Gunnoe, and that is 
that you gave a pretty vivid picture of what you have to live with. 
That picture is certainly very compelling. I want you to tell me 
whether you have experienced a high instance of flash floods or un- 
controlled issues as a result of the mountaintop operations near 
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you. Have you experienced a difference as a result of these oper- 
ations? 

Ms. Gunnoe. I have. A tremendous difference. I have lived there, 
first, I have lived there for 41 years. I am 41 years old. I have lived 
there my entire life. And I have watched many rain storms come 
and go. Since the valley fill, it is almost a given. When we get rain, 
we get flooded. 

There have heen times that I have had the water raise with no 
rain at all. So, literally, the coal companies, something happened 
hack on the mine site, and the water raised. The sun was shining, 
the rain had nothing to do with it. Yes, I was flooded with no rain. 
It definitely changes the entire aquifer, the entire everything. 

The hollow that I live in, literally, you have two mountains that 
come in together, it has changed everything simple because the 
water itself, the increase in the water itself, has washed away the 
bottoms of the mountains. With that, it has allowed the mountains 
to slide in and then wash away again. And then behind it all, you 
have got this huge plug known as a valley fill and it has literally 
devastated every bit of our property in Amalfus Hollow. 

And it continues to do it. It is literally washing away the land 
that I live on. I am the only one that lives in this hollow. I know 
every step of it and I have known every step of it my entire life 
and there is nothing, I mean, even the, I will tell you, the sun 
never did come through my bedroom window all of my life. Since 
they took the mountaintop off, the sun now comes in my bedroom 
window. Now there is a change you would not think about. 

It dramatically changes everything, especially the water flow. 
The water flow takes on a life of its own, if you will. It literally 
meanders and goes wherever it wants to. 

I would like to point out, too, that you have, with a mine site be- 
hind me, you have 1,183 acres in one operation and you have 746 
acres in another operation. That is almost 2,000 acres of nothing 
but rock. That does not absorb water. Water runs off of it. And 
when the water runs off on it, it runs off of it in such a way that 
it tears everything in its sight out. Literally, when I was flooded 
in 2003, the floodwaters included live, standing trees. 

Senator Cardin. Well, once again, we thank you for really put- 
ting a face on this issue. 

Mrs. Gunnoe. I appreciate that. 

Senator Cardin. We hear about the impact, but until you know 
someone who has experienced it first hand, it does not have the 
type of impact that your testimony has had. 

Mrs. Gunnoe. Thank you. 

Senator Cardin. Senator Alexander. 

Senator Alexander. The only other thing I would say is that I 
am glad, Mr. Chairman, that you emphasized the economic part of 
it. I mean, first, I do not think that any of us need to make any 
apology for enjoying the beauty of the natural outdoors. Nobody in 
east Tennessee does. If you walk down the street and ask people 
why they live there, that is what they will tell you. 

But also, I could go into the Sevier County Chamber of Congress, 
which is close to Butcher Holler where Dolly Barton grew up, and 
that was a poor county before the Great Smoky Mount^ain National 
Park. If you go in there now and ask this county, which is 80 per- 
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cent Republican, what their No. 1 chamber of commerce issue is, 
it is clean air. Because they want to have an environment that peo- 
ple will want to come visit and spend their money. 

As I look at the area we are looking at in Tennessee, where we 
have, I mean I know these counties pretty well. It is Claiborne 
County and Campbell County and Anderson and Finchers. Those 
are our big coal producing counties, and those are beautiful places. 
They are beginning to get a lot of the kind of economic development 
around the several State parks in the region and particularly the 
Big South Fork area, which has a lot of horse trails that are not 
allowed in the Smoky Mountain parks. 

You have people moving in, spending money, buying houses, the 
property tax levels are going up and, if you tear up the mountains 
and fill up the streams, why, they will go somewhere else. 

So, I hope that either the Governor or us sometime, Mr. Sloan, 
the Federal Government, can do a relative study of the value of the 
clean water and natural beauty of the area in producing dollars in 
the pockets of people who need higher family incomes. I think we 
have shown that by properly managing it, we can have coal mining 
and natural beauty in our area. I believe we can do that. 

This is very important testimony and all of you have made a real 
contribution to our understanding of this and, as time goes on, we 
will have a chance to consider the legislation Senator Cardin has 
prepared. I am very proud to be a co-sponsor with him of that legis- 
lation. 

Senator Cardin. Let me join Senator Alexander in thanking you 
all for your testimony today. It furthers the record that we have 
on this issue. I know that Senator Boxer is interested in the results 
of this hearing, and other members of the Committee. Without ob- 
jection, there are other statements from other members of the Com- 
mittee which will also be made a part of the record. 

And with that, the Subcommittee will stand adjourned. Thank 
you all very much. 

[The referenced statements were not received at time of print.] 

[Whereupon, at 4:58 p.m., the subcommittee was adjourned.] 

[Additional material submitted for the record follows. More docu- 
ments are retained in the Committee’s files.] 
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ABSTRACT 

We propose broadening the concept of cultural competence to include environmental competence. Environ- 
mental competence refers to the ability of both public and private health providers and policymakers to 
be responsive to the constellation of physical, social, and economic environments in which patients and 
populations live. This concept is illustrated by examining health and economic disparities unique to coal 
mining areas of Appalachia, and discussing methods by which environmental competence may be de- 
veloped and practiced. An understanding of environmental competence will allow providers and policy- 
makers to form collaborative networks to address health disparities in Appalachia and other areas. 


H ealth disparities are differences in the incidence, 
prevalence, and burden of disease among specific 
populations that are not the result of population prefer- 
ence or need.' Drivers of health disparities include expo- 
sure to environmental toxins; social, behavioral, and cul- 
tural risk factors; reduced access to health services; low 
income and education; and stress from minority racial or 
ethnic status.^"® In addressing health disparities, health 
providers have been rightly urged to develop cultural 
competence.®'^ We propose broadening this concept to in- 
clude environmental competence, which refers to the ability 
of both public and private health providers and policy- 
makers to be responsive to the physical, social, and eco- 
nomic environments in which patients and populations 
live. 

To date, research on health disparities ha.s largely fo- 
cused on identifying disparities related to race, income, 
ethnicity, and culture.® Cultural competence has been 
identified as a way to more effectively serve disparate cul- 
tural groups.^-' ' However, .studies on health and the built 
environment recognize the health impacts of unsafe 
neighborhoods, lack of access to safe exercise opportuni- 
ties and healthy food, air pollution, poor indoor air envi- 
ronments, and social stressors.'^*'® Low-income people 
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disproportionately live, and work in environments with 
high levels of carcinogens or other toxins that Interact 
with susceptible genes to cause disease.^'''*"'® 

Physical environmental stressors have dramatically in- 
creased in recent years and can no longer be ignored in 
efforts to address and reduce health disparities. Consider 
a recent study by the Environmental Working Group, 
which found 287 industrial chemicals and pollutants in 
umbilical cord blood from 10 randomly selected babies 
born in US hospitals.'^ The umbilical cord blood conta- 
minants included pesticides, consumer product ingredi- 
ents, and wastes from burning coal, gasoline, and 
garbage. Contaminants included eight perfluorochemi- 
calvS used as stain and oil repellants in fast food packag- 
ing, clothes and textiles; and dozens of brominated flame 
retardants. Of the 287 chemicals detected, at least 180 are 
known to cause cancer in humans or animals, 217 are toxic 
to the brain and nervous system, and 208 cause birth de- 
fects or abnormal development in animal tests. The report 
points out, and additional analysis has confirmed, that 
pre-natal and early childhood chemical exposures are of- 
ten much more harmful than later exposures.'® The au- 
thors state that the leading suspect regarding recent in- 
creasing rates of autism, certain childhood cancers, 
obesity, asthma, and other health problems is that of ex- 
posure to industrial chemicals. 

This snapshot of toxins in newborns is a reflection of 
growing ecological problems stemming from population 
growth and growth in per capita consumption of all types 
of consumer goods and service.s combined with in- 
adequate monitoring of environmental toxicity. Popula- 
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tion growth and per capita consumption growth means 
growing demands for food, water, and encrgy.^’~“ Ex- 
amples of growing trends include the deteriorating qual- 
ity of fresh water, increases in contaminated fish and a 
deteriorating fish supply, deforestation, erosion of dry 
land, urbanization, and species In spite of tech- 

nologies that have improved per unit efficiencies, the 
aggregate amounts of services consumed have been 
increasing, causing serious concerns about the sustain- 
ability of ecosystems. 

In addition, two significant environmental challenges, 
one physical and one economic, are recognized as crucial 
and requiring immediate attention: climate change, with 
large potential health impacts;^^ and growing energy 
scarcity combined with rising energy prices. The chal- 
lenges posed by these issues carry potentially profound 
consequences for health care security and sustainabil- 
i(.y 27-28 Health-related threats from climate change in- 
clude heat, fires, flooding, food shortages, and changes in 
disease risks. A growing long-term gap between supply 
and demand for energy^^-^^ is resulting in energy cost in- 
creases that drive up costs for food, transportation, and 
healthcare.^’ Long-term rising energy prices undermine 
the viability of our economy, raising the likelihood that 
Medicaid and Medicare reimbursements will shrink in the 
coming decade, and that health care costs and the 
transportation cost of accessing health care serxdces will 
increase. Health planning that is responsive to these 
growing physical and economic environmental risks can 
optimize community responses, and highlights the need 
to develop environmental competence among public 
health and healthcare leaders. 

Unfortunately, the current emphasis on basic and clin- 
ical research has been conducted largely in isolation from 
public health and the social sciences, undermining the in- 
terdisciplinary research approach necessary for address- 
ing the complexities of health disparities. Poor commu- 
nication among public health leaders, private health care 
providers, and environmental hcxilth experts including 
those from the Environmental Protection Agency (EPA) 
has resulted in an information gap regarding environ- 
mental exposures and health, impeding progress in ef- 
forts to address these problems.^^ Recent initiatives have 
improved coordinated tracking capacity around these is- 
sues, but much room for improvement remains, es- 
pecially at the community level. 

HEALTH IMPACTS OF COAL MINING IN 
APPALACHIA: A CASE STUDY 

A quintessential example of the physical, economic, 
and social problems that arise from population growth 
and growing energy demand is that of coal mining in Ap- 
palachia. Appalachia is the mountainous area of the east- 
ern United States consisting of 417 counties and inde- 
pendent cities in 13 states and containing a population of 
approximately 23 million people.-^^ Appalachia includes 
all of West Virginia and parts of Alabama, Georgia, Ken- 
tucky, Maryland, Mississippi, New York, North Carolina, 
Ohio, Pennsylvania, South Carolina, Tennessee, and Vir- 
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ginia. The region has long been characterized by high lev- 
els of poverty and higher rates of illness compared to the 
nation as a whole. For example, Appalachia has higher 
rates of diabetes, heart disease, and some forms of cancer 
compared to the country The National Institutes of 
Health (NIH) explicitly recognizes the elimination of 
health disparities in Appalachia as one of its objectives.‘’® 

Within Appalachia, intense coal mining occurs in some 
areas, and not at all in others. Anecdotally, residents of 
Appalachian coalfield communities report illness result- 
ing from exposure to coal mining activities that pollute 
local air and water.'” Stories of coal mining communities 
describe per\'asive social, economic, and environmental 
disadvantages.'’^ In contrast, representatives of the coal 
industry highlight the economic contributions that coal 
mining provides to the region.^^ 

Recent research evidence shows that persons who live 
in coal mining communities experience higher hospital- 
ization rates for hypertension and lung disease,"*^ experi- 
ence higher mortality rates from a variety of causes,'’^^ 
and report higher rates of chronic illnesses and lower 
health status'*® compared to other Appalachian or national 
residents. Coalfield residents also experience higher lev- 
els of poverty and unemployment, lower income levels, 
and are more likely to lack health insurance. The health 
disparities are partly a reflection of the socioeconomic dis- 
advantages but persist after controlling for these effects, 
and suggest that environmental pollution risks unique to 
coal mining locations are a contributing factor. 

Table 1 summarizes some of tlte differences found in 
coal mining areas. Variables were taken from the 2005 
Area Resource File (ARF). Coal production data were 
taken from the Energy Information Administration, and 
coal counti^ were defined to include those with at least 
2 million tons of coal mined from 2000-2002 to match so- 
ciodemographic time periods.^^ Appalachian counties 
were identified from Appalachian Regional Commission 
designations.^^ 

Environmental risks are reflective of the air and water 
quality problems associated with the coal mining indus- 
try. Coal contains numerous harmful carcinogens and 
other toxicants that are released into the environment dur- 
ing its mining and processing, including lead, arsenic, 
mercury, sulfur, cadmium, beryllium, and others.^ 
Ghose^’ has documented air pollution problems around 
Indian coal mining and processing activities, and studies 
in the US have revealed water contamination issues 
around mining activities.-'’^-^ 

As the population grows and oil prices rise, coal is in- 
creasingly being mined, offering a stark choice that to date 
has favored energy consumption over climate change mit- 
igation or public health concerns. Between 1996 and 2005, 
coal production in the United States increased by 67 mil- 
lion tons,®®“^ and increased worldwide by 1.2 billion 
tons.®^ Additional coal mining and the construction of ad- 
ditional coal-fired power plants also foretells increased 
carbon and toxic emissions. Coal contains more carbon 
dioxide per unit of energy than oil or natural gas, and is 
responsible for about 40% of total CO 2 emissions in the 
United States.^ Over 90% of national mercury and sulfur 
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Table 1. Disparities Between Coal Mining Areas, Other Areas of Appalachia, 
AND THE Rest of the UNmaj States 



Coai mining 
areas 

Other areas 
of Appalachia 

Rest of 
United States 

Total mortality rate per 1,000’’ 

11.82 

10.51 

10.19 

Mortality rate per 1,000 from: 

Cancer^ 

2.52 

2.29 

2.27 

Ischemic heart disease‘s 

2.62 

2.09 

2.06 

Diabetes*^ 

0.42 

0.32 

0.30 

Chronic lung disease’’ 

0.67 

0.58 

0.55 

Other indicators: 

Infant mortality per 1,000 before age 1'^ 

8.96 

7.93 

7.32 

Low'-birth weight (<2500 grams)’’ 

90.58 

83.02 

74.67 

% high school education'^ 

57.57 

57.45 

60.73 

% college education’’ 

7.92 

11.76 

17.29 

Median household income’’ 

$24,248 

$31,342 

$35,886 

Median per capita income’’ 

$17,522 

$19,878 

$23,189 

Unemployment rate’’ 

7.93 

6.67 

5.35 

Poverty rate’’ 

20.67 

16.59 

12.63 


^Figures are age, race/ethnidty and sex-adjusted least square means. 

'’Significant difference among all three means. 

'^Coal mining areas are significantly different compared with the rest of the United States or other areas of Appalachia. 
''Coa! mining areas and other areas of Appalachia are different from the rest of the United States. 


dioxide emissions for electricity generation comes from 
coaL5«-5^ 

Mountaintop removal mining enables quicker access to 
coal with lower labor costs, but intensifies environmental 
degradation; surface mining as a percent of total mining in 
West Virginia increased from 19% to 42% between 1982 and 
2005.®’ The EPA estimates that, between 1985 and 2001, 724 
miles of Appalachian streams were permanently destroyed, 
and 4 million acres will ultimately be impacted, by moun- 
tainlop removal mining.^’ Becau.se coal mining areas are 
characterized by environmental degradation, persistent 
poverty, and lack of alternative economic opportunities, an 
increasing demand for coal will perpetuate and deepen 
health disparities in these mining areas. Growth in coal- 
mining and increases in destructive mining practices means 
that entire communities are exposed to polluting methods 
of mining and processing, not just the miners. 

CONCLUSIONS AND RECOMMENDATIONS 

Many of the infamous economic and health disparities 
associated with Appalachia are concentrated within a 
fraction of this area, the 16% of counties where the heav- 
iest coal mining takes place. Coal mining areas compared 
to either the nation or to the rest of Appalachia, are char- 
acterized by elevated mortality rates from a variety of 
causes, and from higher rates of poverty, higher unem- 
ployment, lower income, and lower ratevS of college edu- 
cation. Discrepancies in mortality from cancer, diabetes, 
and ischemic heart disease are related solely to coal rain- 
ing areas; other areas of Appalachia are not statistically 
different from the rest of the nation. 


The causes of these health disparities are complex, rep- 
resenting impacts of poverty, low education, lack of eco- 
nomic opportunitie,s, environmental pollutant exposure, 
limitations in physical infrastructure (e.g., exercise facili- 
ties, access to healthy food), problems with access to 
health services, and perhaps social or cultural character- 
istics that are unique to these areas, To eliminate health 
disparities in coalfield communities is thus a major chal- 
lenge, but one that must be addressed, and one that can 
be addressed in part through efforts to improve environ- 
mental competence, 

Regarding pollution from the coal mining industry it- 
self, there is at present poor understanding of the pollu- 
tion types, quantities, and transport routes that impact lo- 
cal communities. Studies done in Great Britain and India 
suggest that local air pollution from coal mining and 
preparation is severe.^^*^ There is evidence that water 
pollution resulting from coal mining and preparation is a 
problem in Appalachia, but studies that link health 
to water quality are needed. Local public health studies 
of these issues may prove illuminating. 

Environmentally competent health care providers in coal 
mining areas of Appalachia may consider the potential en- 
vironmental hazards that impact their patients and promote 
or exacerbate chronic disease. Based on these considerations, 
providers might recommend behavioral changes for their 
patients such as the use of bottled rather than tap or well 
water, installation of water or air filters, or even the possi- 
bility for patients with chronic disease to relocate to otlier, 
less polluted communities. Making these recommendations 
requires first that providers have environmental awareness 
about the iocatioas where their patients live. 
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The incorporation of environmental competence into 
public health planning and patient care involves not only 
pollutants but other features of the economic and built 
environments. It may well be unrealistic, for example, to 
counsel a patient with diabetes to alter her diet if there 
are no grocery stores within a certain radius of the pa- 
tient's home, and where the only realistic food outlet, as 
exists in some portions of Appalachia, is a mini-mart 
linked to a gas station. Similarly, counseling low-income, 
overweight patients to increase exercise levels may be un- 
successful if the only paved walking surfaces available 
are narrow, winding mountain roads without sidewalks 
where coal trucks rumble past on regular intervals. 

Tools that can be used to document environmental 
health disparities are needed. Researchers have begun 
working on such tools. Measures can encompass social 
processes, environmental contaminants/exposurcs, body 
burdens of environmental contaminants, and health out- 
comes. Educational materials for physicians to provide 
to parents to promote environmental safely for children 
are in use;^^ materials like these may be generalized to 
other applications and patient groups. Another electronic 
tool that may be developed for use in physician offices is 
a quick, automated checklist linked to a patient's address 
to alert the physician to the health-promoting amenities 
(parks, grocery stores, exercise facilities, etc.) that are 
present or absent in the patient's vicinity, and to highlight 
the environmental hazards (e.g., a facility that pollutes lo- 
cal air and water through crushing and cleaning coal) 
proximate to the address. 

In the primary care setting, approaches that connect 
public and private health through establishing proce- 
dures for environmental competence can be optimized. 
Public health authorities working collaboratively with the 
EPA could provide information on-line to facilitate health 
providers in becoming environmentally competent. Con- 
tinuing Medical Education (CME) credits may be pro- 
vided for physician efforts to develop their knowledge 
and skills in this area. Patients can be empowered through 
health education in the primary care setting, so that they 
can create health for themselves, and become advocates 
of environmentally healthy environments. Health educa- 
tion can be tailored to the Appalachian experience and 
culture, for example, by recognizing that women in the 
community often see themselves as primarily responsible 
for the health of their families.^^ For Appalachian low-in- 
come persons and members of minority groups in par- 
ticular, one-on-one, caring interactions are critical in 
health education processes, which could be provided in 
part through training low cost alternative providers.^ 

Through collaborative approaches between public and 
private health sectors and the EPA, access costs can be 
minimized and benefits maximized. The combination of 
effective policy and community effort has the potential to 
revolutionize the forces affecting health determinants. 
Communities are already taking the initiative to combat 
complicated chronic conditions like asthma and obesity.^^ 
Attempts to tackle complex environmental concerns are 
therefore not farfetched. 

Environmental competence can drive strategic plan- 
ning to increase community resilience in meeting future 
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physical and economic environmental challenges. Criti- 
cally, the public and private health care systems need to 
be aware of nontrivial probabilities of growing unem- 
ployment and uninsurance, growing transportation costs 
in accessing health care, rising food costs, growing envi- 
ronmental toxins and contaminants, and impacts from cli- 
mate change. Collaborative strategic planning by public 
and private health providers and the EPA would enable 
strategic responses to these significant challenges. Envi- 
ronmentally competent providers will help create envi- 
ronmentally competent patients, who can be empowered 
to understand how to become advocates for better envi- 
ronmental health in the areas in which they live. 
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ABSTRACT 

Appalachia has higher morbidity and mortality compared to the nation, and suffers greater socioeconomic 
disadvantages. This article investigates the relationship of coal mining to elevated mortality rates in Ap- 
palachia. Total mortality rates for the years 1999-2004 were investigated in a national county-level anal- 
ysis that included coal mining as the primary independent variable. Counties in Appalachia where coal 
mining is heaviest had significantly higher age-adjusted mortality compared to other Appalachian coun- 
ties and to other areas of the country. Elevated mortality rates persisted in Appalachian coal mining ar- 
eas after further statistical adjustment for smoking, poverty, education, rural-urban setting, race/ethnic- 
ity, and other variables. After adjustment for all covariates, Appalachian coal mining areas were 
characterized by 1,607 excess annual deaths over the period 1999-2004. Adjusted mortality rates increase 
with increasing coal production from 1 to 7 million tons. These findings highlight environmental inequities 
that persist in Appalachian coal mining areas. Reducing these inequities will require development of al- 
ternative economies and promotion of environmental justice through regulatory and allocative policy 
changes. 


A ppalachia has long been characterized by social in- 
equalities and health disparities.^^ Recently, the con- 
tributions that the coal mining industry makes to these 
inequalities and disparities has come under closer atten- 
tion. Coal mining areas are linked to higher population 
hospitalization rates for some cardiovascular and respi- 
ratory conditions,^ and to higher reported rates of some 
forms of chronic illness and poorer reported health sta- 
tus.* Compared to other parts of Appalachia, coal mining 
areas are also characterized by poor socioeconomic con- 
ditions including higher levels of poverty and lower ed- 
ucation rates.^ 

The purpose of the current study was to extend prior 
research on the community health impacts of the Ap- 
palachian coal mining industry through an examination 
of mortality rates. The study tests whether mortality rales 
are elevated in Appalachian coal mining areas, and 
whether elevated mortality, if found, is due solely to so- 
cioeconomic conditions or if an additional effect specific 
to coal mining persists. The study also examines tempo- 
ral trends in mortality in coal mining areas. Three hy- 
pothCvSes are tested; 
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1. Coal mining areas of Appalachia will be associated 
with higher total mortality rates compared to the rest 
of Appalachia and the nation, both before and after ad- 
justment for socioeconomic covariates. 

2. Mortality rates will be higher in Appalachia compared 
to the nation, but these rates will not remain elevated 
after controlling for socioeconomic effects. 

3. Elevated mortality in Appalachian coal mining areas 
will be present over the time period 1979 to 2004. 

METHODS 

Design 

The study is a retrospective investigation of national 
mortality rates for the years 1979-2004. The level of anal- 
ysis is the county (N = 3,141; missing data on covariates 
reduced the sample by 61 cases for regression analyses). 
The study is an analysis of anonymous, secondary data 
sources and meets university Internal Review Board stan- 
dards for an exception from human subjects review. 

Data 

Mortality data were obtained from the Centers for Dis- 
ease Control & Prevention (CDC) measuring county-level 
mortality rates per 100,000, age-adjusted using the 2000 
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US standard population.® Total mortality rates were ex- 
amined for all internal causes, excluding causes from ex- 
ternal factors (homicide, suicide, motor vehicle accidents, 
other accidents.) All ages were included. Analyses for hy- 
potheses 1 and 2 use mortality figures for the years 
1999-2004 combined, and analysis of hypothesis 3 uses 
annual mortality figures for the years 1979 through 2004. 

Coal production data were obtained from the Energy 
Information Administration (EIA)^"^^ measured as tons of 
coal mined in every county each year for the years 
1999-2004. Levels of coal mining were not normally dis- 
tributed across coimties. To estimate exposure, two pri- 
mary analyses were conducted. The first examined mor- 
tality based on dividing counties across the country into 
four groups; Appalachian counties with no coal mining, 
Appalachian counties with coal mining up to four million 
tons combined over the six years 1999-2004, Appalachian 
counties wdth coal mining greater than four million tons, 
and other counties in the nation with no coal mining (104 
non-Appalachian counties where coal mining took place 
were deleted from the analysis.) The choice of 4 million 
tons divided Appalachian coal mining counties approxi- 
mately in half, with 65 Appalachian counties mining less 
than 4 million tons over these years, and 67 with more 
than 4 million tons. The second method estimated per 
capita exposure, found by dividing county tons mined by 
the county population from the 2000 Census; counties 
were grouped into four levels: no mining in Appalachia, 
per capita exposure up to 200 tons per person, per capita 
exposure greater than 200 tons, and no mining in the rest 
of nation (used as the referent). 

A series of supplementary analyses were conducted to 
test for the robustness of findings across alternative spec- 
ifications of coal mining. One set of analyses examined 
coal mining effects when the higher category of coal min- 
ing was based on integer levels from one to seven million 
tons. A second set correspondingly examined per capita 
exposure effects at 50-ton increments from 50 to 400 tons 
per capita, A third set examined whether differences in 
mortality rates were related to surface mining versus un- 
derground mining. A fourth set examined whether mor- 
tality rates in coal mining areas were elevated only in Ap- 
palachian coal mining areas or in coal mining areas 
throughout the nation. 

Coal production figures for years prior to 1999 are not 
readily available for all counties, therefore, tests of hy- 
potheses 1 and 2 were constrained to mortality rales from 
the period 1999 to 2004. There is, however, considerable 
historical evidence that Appalachian counties character- 
ized by heavy coal mining during recent years were also 
heavy coal mining areas in previous years and decades, 
simply as a consequence of the presence of economically 
minable coal in these areas. Therefore, the test of hy- 
pothesis 3 examined historical mortality rates from 1979 
to 2004, using coal production data from 1999-2004 to 
identify heavy coal mining counties in Appalachia. 

Data on covariates were obtained from the 2005 Area 
Resource File,^^ CDC Behavioral Risk Factor Surx'cillance 
System (BRFSS),^*’ and the Appalachian Regional Com- 
mission.^’ Selection of covariates was based on previously 
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identified risk factors or correlates of elevated mortal- 
ity Covariates included smoking rates; percent male 
population; percent of the population with college and 
high school education; poverty rates; race /ethnicity rates 
(percent of the population who were African American, 
Native American, Non-white Hispanic, Asian American, 
using White as the referent category in regression mod- 
els); percent without health insurance; physician supply 
(number of active MDs and DOs per 1,000 population); 
rural-urban continuum codes grouped into metropolitan, 
micropolitan, and rural; Southern state (yes or no, South 
equal to Alabama, Arkansas, Florida, Georgia, Kentucky, 
Louisiana, Mississippi, North Carolina, South Carolina, 
Tennessee, Texas, and Virginia); and Appalachian county 
(yes or no as defined by the 417 counties or independent 
cities in 13 states recognized by the Appalachian Regional 
Commission). CDC smoking rates were available for 
states and some county-based metropolitan areas; the 
state average was used w'hen the specific county rate was 
not available. 

Analysis 

Analyses were conducted using bivariate correlations, 
general linear models and ordinary least squares multi- 
ple regression models to test for the association between 
coal mining and mortality, without and with control for 
covariates. 

RESULTS 

Table 1 shows total age-adjusted mortality rates for the 
four groups of counties before adding covariates. Mor- 
tality rates were highest in heavy coal mining areas of Ap- 
palachia, and were lowest in non-coal mining areas out- 
side Appalachia. Other areas of Appalachia, cither 
without mining or with lower levels of mining, had in- 
termediate mortality rates. 

Bivariate correlations were examined to test for multi- 
collinearity among independent variables. The county 
poverty rate was highly correlated to percent of the pop- 
ulation without health insurance (r — .82); therefore, the 
insurance variable was dropped from further analysis. 

Table 2 shows multiple regression results that consider 
effects of covariates on mortality. Results for each model 
specification, total tons or tons per capita, were almost 
identical. Appalachian counties with lower levels of min- 
ing were not associated with differences in mortality, but 
counties characterized by high levels of coal mining had 
significantly higher mortality after accounting for effects 
of age, smoking, poverty, education, race/ethnicity, rural- 
urban setting and other measures. Higher mortality was 
also predicted independently from smoking, lower edu- 
cation, poverty, African American or Native American 
race, living in the South, and urban setting. A greater sup- 
ply of physicians was related to higher mortality. A 
greater percentage Hispanic population was related to 
lower mortality. The Table 1 and Table 2 findings sup- 
port the first two study hypotheses. 

Based on the 2000 US Census, the population of Ap- 
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Table 1. Age-Adjusted Mortality per 100,000 for 1999-2004 by County Type’ 


Appalachian coahnining 

Appalachian coal-mining 

Other 

Rest of nation 

>4 millkm tons 

<4 million tons 

Appalachian 

950.2 a 

890.7 b 

884.1 b 

820.2 c 


’Model F = 53.67 (df = 3, 2,973), p < 0.0001. Letters a, b, and c indicate means significantly different at p < 0.05 
using post-hoc Ryan-Einot-Gabriel Wclsch multiple range lest. 


palachian counties where mining exceeded 4 million tons 
was 3,883,143. The age-adjusted death rate in coal mining 
areas compared to non-Appalachian, non-mining counties 
before covariate adjustment translates to 5,048 excess annual 
deaths in Appalachian coal mining areas for the years 
1999-2004. After covariate adjustment, the coefficient (41.39) 
for the mining effect measured in tons translates to 1,607 ex- 
cess annual deaths in Appalachian coal mining areas. 

To examine the stability of effects at different defined 
levels of “high" coal mining, the regression models were 
repeated with all covariates for Integer levels of high coal 
mining from 1 to 7 million tons, along with a model where 
Appalachia was included but the coal mining variables 
were not (see Figure 1). High levels of coal mining were 
significant at all levels, but the effect for Appalachia with- 
out coal mining was not. Furthermore, the coefficient for 
the coal mining effect increased from 1 to 5 million tons 


before leveling off, suggesting a dose-response effect up 
to the 5 million ton level, beyond which the smaller num- 
ber of counties meeting the definition of high mining sug- 
gests possible statistical power problems (N = 49 coun- 
ties at 7 million tons). Even at one million tons, the 
estimated number of deaths was substantially higher than 
the estimate for the Appalachian region in general before 
inclusion of coal mining into the model. (Results are not 
shown for the corresponding tests of per capita exposure, 
but were significant at all levels from 50 to 400 tons, and 
the magnitude of the coefficient increased with increas- 
ing exposure.) 

Models were also run separately for surface mining and 
underground mining, both within Appalachia and na- 
tionwide. Coal mining effects were significant for Ap- 
palachia and the combined analysis for both underground 
and surface mining, but not for coal-mining limited to ar- 


Table 2. Multiple Regres-sion Results to Predict 1999-2004 Age- Adjusted Mortality 


Coal mining measured in tons Coal mining measured in tons per capita 


Variable 

Unstandardized 

coefficient 

Standard 

error 

P< 

Unstandardized 

coefficient 

Standard 

error 

P< 

Intercept 

783.5 

57.7 

0.0001 

785.2 

57.7 

0.0001 

Coal mining <4 million tons 

1.50 

11.59 

0.90 

— 

— 

— 

Coal mining S;4 million tons 

41.39 

11.69 

0.0004 

— 

— 

— 

Coal mining <200 tons 

— 

— 

— 

8.58 

10.82 

0.43 

per capita 

Coal mining &200 tons 

— 

— 

— 

40.76 

12.69 

0.0013 

per capita 

Appalachian region 

-3.16 

5.99 

0.60 

-3.02 

6.00 

0.62 

(no coal mining) 

Smoking rate 

4,70 

0.54 

0.0001 

4.69 

0.54 

0.0001 

Metropolitan county 

51.66 

4.20 

0.0001 

51.64 

4.20 

0.0001 

Micropolitan county 

21.47 

4.14 

0.0001 

21.54 

4.14 

0.0001 

Percent male 

0.03 

0.87 

0.97 

0.03 

0.87 

0.98 

Primary care physicians 

4.76 

1.43 

0.0009 

4.79 

1.43 

0.0008 

per 1000 

South region 

29.10 

5.05 

0.0001 

29.04 

5.06 

0.0001 

Poverty rate 

6.55 

0.52 

0.0001 

6.56 

0.52 

0.0001 

Percent African American 

1.53 

0.16 

0.0001 

1.54 

0.16 

0.0001 

Percent Native American 

1.90 

0.24 

0.0001 

1.90 

0.24 

0.0001 

Percent Hispanic 

-1.75 

0.17 

0.0001 

-1.72 

0.17 

0.0001 

Percent Asian American 

-0.90 

0.80 

0.26 

-0.90 

0.80 

0.26 

High school education rate 

-1.79 

0.41 

0.0001 

-1.77 

0.41 

0.0001 

College education rate 

-3.24 

0.36 

0.0001 

-3.25 

0.36 

0.0001 


’Model adjusted = 0,54; F == 219.7 (df == 16, 2,959), p < O.OOOl. 
^Model adjusted R^ = 0,54; F = 219,3 (df = 16, 2,959^ p < 0.0001. 
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FIG. 1. Mortality per 100,000 in high Appalachian coal mining areas, 1999-2004, adjusting for all covariates, by level 
of mining. Appalachia refers to the effect of the Appalachia regional variable without consideration of coal mining. 
The Appalachia variable was not significant but all levels if mining were at p < .009 or better. 


eas outside Appalachia (the analysis of non-Appalachian 
coal mining effects deleted Appalachian coal mining 
counties). Results are summarized in Table 3. 

As the test of hypothesis 3, total age-adjusted mortal- 
ity rates for the years 1979 to 2004 are shown in Figure 2 
for three groups: Appalachian counties with coal min- 
ing > = 4 million tons, other Appalachian counties (ei- 
ther no mining or mining less than 4 million tons), and 
other counties in the nation. Mortality rates are signifi- 
cantly different across time (p < .0001), county type (p < 
.0001), and the time-county interaction (p < .002). Rates 
decline significantly over time for all groups, but are con- 
sistently highest for high coal mining areas of Appalachia. 
Compared to 1979, the mortality rates for 2004 were 13-3% 
lower in coal mining areas, 11.2% lower for other areas 
of Appalachia and 15.3% lower for the rest of the coun- 
try; that is, the rate of decline was less for Appalachia and 
coal mining areas compared to the nation. Mortality rales 
for coal mining areas in 2004 are about the same as those 
for counties outside of Appalachia from 1980. 

DISCUSSION 

Results show that higher mortality in Appalachia is due 
to poverty, smoking, poor education, and race-related ef- 
fects. Once these factors are accounted for, non-coal min- 
ing areas of Appalachia have death rates no different than 
the rest of the country. Coal mining areas, however, show 


elevated age-adjusted mortality both before and after 
adjustment for covariates. This is the case when Ap- 
palachian coal mining is the focus, but not for coal min- 
ing areas outside of Appalachia. Age-adjusted mortality 
rates for Appalachian coal mining areas lag about 24 years 
behind national rates outside Appalachia. 

Causes of elevated mortality in coal mining areas may 
reflect behavioral, cultural, and economic factors only 
partly captured through available covariates, but may 
also reflect environmental contamination from the coal 
mining industry. That effects were found for Appalachian 
coal mining areas but not coal mining areas elsewhere 
may reflect the unique relationship of mining activity to 
topography and population centers ch«'»racteristic of Ap- 
palachia. Coal mining is a major industrial activity in 
eight Appalachian states.'^ Mountaintop removal mining 
methods have become more prevalent in Appalachia, and 
often occur close to population centers; in West Virginia, 
surface mining constituted 42% of total mining tonnage 
in 2006, compared to 19% in 1982.^ Coal contains mer- 
cury, lead, cadmium, arsenic, manganese, beryllium, 
chromium, and many other toxic and carcinogenic sub- 
stances^^ and the mining and preparation of coal at local 
processing sites releases tons of annual ambient particu- 
late matter and contaminates billions of gallons of wa- 
Coal preparation involves crushing coal into 
smaller particles, mixing coals of different qualities prior 
to sale, transporting coal via truck and rail, and remov- 


Table 3. Adjusted Regression CoEFFiaevr for the High Coal Mining Variable 
( s4 Million Tons), by Mining Type (Surface, Underground, and Combined), 
AND BY Inclusion or Exclusion of Non-Appalachian Coal Mining Areas 



Surface mining 

Underground mming 

Combined 

Coal mining in 

43.25 

42,08 

41.39 

Appalachia only 

ip < 0.001) 

ip < 0.001) 

ip < 0.0004) 

Coal mining outside 

-2.71 

15.84 

5.14 

of Appalachia 

ip < 0.84) 

ip < 0.38) 

ip < 0.65) 

Coal mining 

17.21 

31.56 

21.50 

nationwide 

ip < 0.06) 

(p < 0.002) 

ip < 0,006) 
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FIG. 2. Age-adjusted mortality per 100,000, 1979-2004, by county type (Appalachian coal mining, other Appalachian, 
or rest of nation). Model F = 1422.7 (df = 3, 81,622, p < .0001). 


ing impurities through a chemical washing process. These 
preparation activities take place near the mining sites for 
both underground and surface operations. In addition to 
impurities removed by washing, chemicals used in the 
washing process may themselves be toxic.^® The contam- 
inated water, called slurry, is held in impoundment ponds 
or injected underground, where it poses risk of leaking 
into freshwater sources.**^ There are 111 impoundment 
ponds in West Virginia alone, holding more than 140 bil- 
lion gallons of coal slurry.'*' 

The environmental health impacts of the coal mining 
industry may operate through water and air transport 
routes. Shiber*^ reports elevated arsenic levels in drink- 
ing water sources in coal mining areas of central Ap- 
palachia. Other studies of water quality near coal mining 
in Appalachia have been conducted*-^”*^ showing that sur- 
face water and private well water are contaminated in 
ways consistent with coal slurry. Studies of local air qual- 
ity in Appalachian coal mining communities have not 
been done, and coAvStitute an important next step in this 
line of research. However, particle constituents in ambi- 
ent air from coal mining or processing may occur at fine 
(PMj.s) or coarse (PMio) modes.'*^ Coal particulates may 
also interact with diesel particulate matter; diesel engines 
are commonly used at mining and processing sites. Re- 
search has linked urban air pollution to premature mor- 
tality'*^"'® possibly from the exacerbation of acute or pre- 
existing illness. It may be the case that pollution from coal 
mining and processing activities has a similar effect. 

Ironically, removal of coal impurities and crushing of 
coal into smaller pieces, although intended as an envi- 
ronmental protection step and to increase the efficiency 
of burning, result in impurities being left behind In the 
vicinity of coal mining communities. The coal cleaning 
process is described as "removing" impurities prior to 
burning,*^ but it would be more precise to say that these 
impurities are merely "relocated." 

Limitations of the study include the ecological design, 
the imprecision of covariates, and the limited availability 
of coal mining data. Individual causes of mortality and 
their relationship to mining or other variables may be sug- 
gested but cannot be proven with a county-level analy- 


sis. Smoking was imprecisely estimated, and other be- 
havioral contributions to mortality such as diet or alco- 
hol consumption were not included, although these be- 
havioral variables are known to correlate with other 
measures that were included such as education and 
poverty. Coal mining was measured only for the years 
1999-2004; for the test of hypothesis 3 the reasonable but 
unproven assumption was made that this estimate re- 
flected earlier mining activity. Mining effects in Ap- 
palachia were found for both underground and surface 
techniques (although the coefficient was slightly higher 
for surface mining); more specific forms, such as moun- 
taintop removal versus other forms of surface mining 
could not be examined. Furthermore, key aspects of coal 
processing, including chemical washing and transporta- 
tion, could not be linked to mortality data because of the 
lack of data specificity. Given that both surface and un- 
derground mining were related to mortality, it is impor- 
tant that future research examine population health ef- 
fects from mining industry activity that are common to 
both methods, including relating operations of local coal 
processing facilities to measures of air and water quality 
and to health outcomes. 

Ultimately, regardless of whether the persistently ele- 
vated mortality rates found in Appalachian coal mining 
areas result from environmental, social, economic, or be- 
havioral causes, it is clear that serious health disparities 
persist in these areas and must be addressed. The under- 
lying causes of health disparities are founded in eco- 
nomic, educational, and environmental injustices.^''^®^ To 
reduce and eliminate disparities requires that these root 
causes be attacked. For coal mining areas of Appalachia, 
this means that alternative and sustainable economies be 
developed, as a continued reliance on a coal-based econ- 
omy will only perpetuate disparities. Results also high- 
light the need for improvements in environmental equity; 
people who live in these areas are subject to environ- 
mental degradation and exposure to pollutants in ex- 
change for development of a relatively cheap energy 
source for many of the rest of us to enjoy. 

The argument is often made that coal mining is an im- 
portant economic contributor to the areas of Appalachia 
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where mining takes place,^^ and therefore that mining 
should be protected and encouraged. The first part of this 
argument is correct, but the second part is fallacious. Coal 
mining perpetuates poverty, environmental degradation, 
economic underdevelopment, and premature death. That 
it is an important part of a perpetually weak economy is 
no endorsement for its continuation. Coal mining remains 
an important part of these economies because underde- 
veloped infrastructure, blasted landscapes, poorly edu- 
cated workforces, environmental health hazards, and 
chronically unhealthy populations perpetuate themselves 
over time and present strong discouragement to new 
business and population immigration. 

Construction of more diverse, alternative economies 
should be undertaken. Such efforts could include sus- 
tainable timber or agriculture, development of marketable 
alternative energy such as wind power, investments in 
education and technology, and entrepreneurial ventures. 
Microcredit programs may be attempted as has been done 
successfully in parts of the developing world.^ Business 
incubators to support small start-up ventures have been 
implemented in other parts of Appalachia and may be 
extended to the coalfields. Ecosystem restoration to re- 
claim lands destroyed by mining may create jobs and 
business opportunities.^^ Regulatory and allocative poli- 
cies may be implemented and enforced to require coal 
companies to reduce environmental impacts and to re- 
turn greater portions of coal revenue to the places where 
the coal is mined, rather than to corporate offices located 
outside the region. 

Finally, we should recognize that coal is mined pri- 
marily because there is a national and international mar- 
ket for it, whether or not it benefits the local population. 
Global initiatives are underway to increase use of alter- 
native energy sources, and to re-calibrate the price of coal 
through consideration of environmental costs via carbon 
taxes or cap-and-trade programs. Such initiatives are crit- 
ical to mitigate effects of climate change, and if imple- 
mented could dramatically reduce reliance on this pol- 
luting energy source.^^ Reductions in the external 
demand for coal will provide a crisis and an opportunity 
for the people of the Appalachian coalfields to redefine 
themselves and create healthier environments in a post- 
carbon world. 
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Mortality in Appalachian Coal Mining 
Regions: The Value of Statistical Life Lost 
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SYNOPSIS 

Objectives. We examined elevated mortality rates in Appalachian coal mining 
areas for 1979-2005, and estimated the corresponding value of statistical life 
(VSL) lost relative to the economic benefits of the coal mining industry. 

Methods. We compared age-adjusted mortality rates and socioeconomic con- 
ditions across four county groups; Appalachia with high levels of coal mining, 
Appalachia with lower mining levels, Appalachia without coal mining, and other 
counties in the nation. We converted mortality estimates to VSL estimates and 
compared the results with the economic contribution of coal mining. We also 
conducted a discount analysis to estimate current benefits relative to future 
mortality costs. 

Results. The heaviest coal mining areas of Appalachia had the poorest socio- 
economic conditions. Before adjusting for covanates, the number of excess 
annual age-adjusted deaths in coal mining areas ranged from 3,975 to 10,923, 
depending on years studied and comparison group. Corresponding VSL esti- 
mates ranged from $18,563 billion to $84,544 billion, with a point estimate of 
$50,010 billion, greater than the $8,088 billion economic contribution of coal 
mining. After adjusting for covariates, the number of excess annual deaths in 
mining areas ranged from 1,736 to 2,889, and VSL costs continued to exceed 
the benefits of mining. Discounting VSL costs into the future resulted in excess 
costs relative to benefits in seven of eight conditions, with a point estimate of 
$41,846 billion. 

Conclusions. Research priorities to reduce Appalachian health disparities 
should focus on reducing disparities in the coalfields. The human cost of the 
Appalachian coal mining economy outweighs its economic benefits. 
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The Appalachian region of the United States has 
long been associated with severe socioeconomic dis- 
advantages.'"'^ These disadvantages translate to poor 
public health outcomes including elevated morbidity 
and mortality rates for a variety of serious, chronic 
conditions, such as diabetes, heart disease, and some 
forms of cancer.'^'’ The problems are so severe and 
persistent that the National Institutes of Health (NIH) 
has included Appalachia among its target priorities for 
the reduction and elimination of health disparities.’ 

Coal miniug constitutes a major economic activity 
in some portions of Appalachia." As with Appalachia 
in general, the region’s coal mining areas have been 
linked to socioeconomic disadvantages. Appala- 
chian areas where economic disadvantage has been 
most persistent over time are those characterized by low 
economic diversification, low employment in profes- 
sional services, and tow educational attainment rates.^ 
These features are characteristic of tobacco- and coal- 
dependent economies." Rural economies dependent 
on sole-source resource extraction are vulnerable to 
employment declines and market fluctuations.''' 

Based on social disparities models"’ " that link poor 
health to socioeconomic disadvantage, one would 
expect to see elevated morbidity and mortality in 
mining areas resulting from the socioeconomic dis- 
advantages that are prevalent in these areas. Recent 
empirical studies have indeed confirmed that health 
di.sparilies exist in coal mining regions of Appalachia 
compared with other areas of the region or the nation, 
including elevated mortality rates for total causes, lung 
cancer, and some chronic illnesses.'"""' These studies 
showed that mortality is related to higher poverty, lower 
education levels, and smoking behavior, and also sug- 
gested that environmental pollution from the mining 
industry is a contributing factor. 

The reliance on coal mining in some areas of Appa- 
lachia constiiute.5 a de facto economic policy: coal Is 
mined because it is present and because there is a 
market for it. However, other economic policies could 
be developed if reliance on this resource was not in 
the best interest of the local population. This study 
evaluated the costs and benefits a.ssociated with the 
Appalachian coal mining economy. We first estimated 
the number of excess annualized deaths in coal mining 
areas for the period 1979 through 2005 and converted 
those estimates to monetary costs using value of statisti- 
cal life (VSL) figures from prior research.®*"^" Then, we 
compared VSL costs with an e.stimate of the economic 
benefits of coal mining to te.st whether the economic 
benefits of coal mining in Appalachia exceeded the 
estimated VSL costs. 


METHODS 

Design 

This study retrospectively investigated national mortal- 
ity rates for the years 1979-2005. The level of analysis 
was the county (n=3,141). We compared four groups: 
counties in Appalachia with levels of coal mining above 
the median, Appalachian counties with levels of mining 
below the median, non-mining counties in Appalachia, 
and othercounties in the nation. The study, an analysis 
of anonymous, secondary data sources, met university 
Internal Review Board standards for an exception from 
human subjects review. 

Data 

We obtained publicly available mortality data for 1979 
through 2005 from the Centers for Disease Control and 
Prevention (CDC). These data measure county-level 
mortality rates per 100,000, age-adjusted using the 2000 
U.S. standard population. We examined total mortal- 
ity rales for all causes, and included all ages. 

We obtained coal employment and production data 
from the Energy Information Administration (EIA),^" 
measured as tons of coal mined in every county every 
year for the years 1994-2005. The ElA does not pro- 
vide county-specific data prior to 1994. For the current 
study, we defined coal mining areas as counties with 
any amount of coal mining during those years. For 
some analyses, we divided coal mining counties into 
those with higher or lower amounts of mining ba.sed 
on a median split of production figures. In most cases, 
counties that mined coal in one year did so in most or 
all years, due simply to the pre.sence of economically 
minable coal in the county. However, we placed seven 
counties that had small amounts of mining prior to 
1997 and no mining after that time with the non-mining 
counties to focus the analysis on areas with more con- 
temporary mining, as some analyses were limited to the 
period 1997-2005. There is also considerable historical 
evidence that Appalachian counties characterized by 
coal mining during recent years were also coal mining 
areas in previous years and decades, so we used 
mining during the 1994-2005 period as a proxy for 
mining during the entire study period. 

We obtained data on county socioeconomic char- 
acieristics from the 2005 Area Resource File^’' and the 
Appalachian Regional Commission.’” Area Resource 
File data were in turn drawn from U.S. Census data 
and were based either on the 2000 Cen.sus or on multi- 
year estimates when available. We used these data to 
compare coal mining areas with other areas using the 
following categories: median household income (the 
mean for 2000-2002), poverty rates (the mean for 
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2000-2002), 2000 high school and college education 
rates, and 2000 unemployment rates. We obtained 
smoking rates from Behavioral Risk Factor Surv'eillance 
System survey results from CDC,^‘ supplemented with 
additional data found by reviewing all 50 states’ public 
health websites. 

We calculated estimates for the VSL based on prior 
VSL re.search conducted by U.S. regulatoiy agencies.*^®* 
VSL estimates were based on trade-offs between risks 
(e.g., probability of mortality from breathing polluted 
air) and money (e.g., the cost of reducing that risk), 
atul |)rovided a roicronco poini lo a.sses.s the Ixmefil-s 
of risk-reduction efforts. VvSL estimates are used by 
government agencies such as the Environmental Pro- 
tection Agency (EPA), Food and Drug Administration, 
and others to conduct cosi-bcnclil anal)'ses of pollution 
control policies or other public benefit programs. The 
two estimates that we used in the current study were 
{1) the calculated mean VSL of S3. 8 million per life 
across 18 U.S. regulatory agency studies reported by 
Viscusi and Aldy and {2) the EPA estimate of $6.3 mil- 
lion to represent environmental policies pertinent to 
the current investigation.^-’ We measured both of these 
estimates in 2000 dollars, and converted them to 2005 
dollars as described further in this article. 

We estimated the economic benefit of coal mining 
from a 2001 report of the direct, indirect, and induced 
economic contributions of the coal mining industry in 
Appalachia. This report was based on earnings and 
coal production in 1997. Direct contributions include 
earnings from coal company employees, including 
laborers and proprietors; indirect and induced con- 
tributions include earnings by other sectors based on 
multiplier effects of the indu.siry (e.g.. supplies pur- 
chased locally by coal companies and coal company 
employee expenditures on other goods and .services). 
We made adjustments to reflect the 4.35% mean annual 
increase in the Consumer Price Index between 1997 
and 2005, and the 11% decline in Appalachian coal 
mining employment during the same time period. 

In addition to these economic benefits, some slates 
imposed coal severance taxes that provided additional 
economic input to these states.'’^ West Virginia, for 
example, imposed a 5.0% coal severance tax on the 
sales price per ton, the tax in Kentucky was 4.5%, 
and in Tennessee it was $0.20 per ton. In contrast, 
states also provided various tax incentives related 
to the coal industry': Maryland, Ohio, and Virginia 
provided a corporate tax credit of $3.00 per ton for 
burning indigenous coal, and the credit in Kentucky 
was $2.00 per ton. Alabama and Virginia provided tax 
incentives to coal companies to increase production. 
The final estimate of economic contributions inchided 


the adjusted sum of the indirect, direct, and induced 
contributions, plus the net contributions of the sever- 
ance tax, minus the lax credits. 

Analysis 

We analyzed the data using SAS® 9.1.3.^-’ We tested 
mean group differences using least squares linear mod- 
els. Wierc indicated, post-hoc Type I error corrections 
used the Ryan-Einot-Gabriel-Welsch Multiple Range 
Test. We conducted ordinary least squares multiple 
regression models with age-adjusted mortality as the 
dependent variable and mining, socioeconomic, and 
demographic indicators a.s independent variables to 
identify mining effects independently of other effects. 
We converted unadjusted and covariate-adjusted annual 
mortality rates to excess number of deaths in mining 
areas using census population data, and then multiplied 
these figures by the VSL estimates to find a range of the 
economic cost of coal mining, w'hich we then compared 
with the e.stimated economic benefit. 

There is evidence that some health impacts from 
economic and environmental disadvantage occur in the 
short term,'**'^’ but that other effects are delayed.^** 
Discounting future costs is one way to account for 
delayed effects; however, discounting has propo- 
nents^-’-"-*' and detractors,'”’ and there are unknowns in 
the choice of lime period.s, discount rates, and uncer- 
tainties of how people value future health henefits.'*'* 
Nevertheless, we conducted a discount analysis based 
on previous research that used a 10-year, 3% di.scount 
rate to study cancer mortality;^'’ we selected a 2% dis- 
count to recognize that not all health Impacts would 
be delayed. Wc compared the 2005 benefits of coal 
mining with future discounted VSL costs using eight 
scenarios, including lower or higher VSL, unadjusted 
or adjusted covariate analysis, and Appalachia or the 
nation as the comparison group. 

RESULTS 

Socioeconomic characteristics 

Table 1 presents socioeconomic indicators and age- 
adjusted mortality rates for four groups of counties: 
Appalachian counties with levels of mining above the 
median, Appalachian counties with levels of mining 
below the median, Appalachian counties with no min- 
ing, and the rest of the nation. Significant post-hoc 
differences between groups were corrected for Type I 
error at /k: 0.05. Coal mining areas fared significantly 
worse on all indicators compared with non-mining 
areas of Appalachia and/or the nation. These con- 
ditions woi-sened as levels of mining increased: the 
highest levels of unemployment and lowest incomes 
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Table 1. Socioeconomic measures and annua! age‘adjus4ed mortality from 1979 to 2005 for four groups 


Sodoeconomfe measure 

Appalachian 
counties with coal 
mining above the 
median^ 

Appa/achian 
counties with coal 
mining below the 
median* 

Non-mining 

Appa/achian 

counties 

Rest of 
nation 

P-va/ue 

Number 

70 

69 

274 

2,728 


Median household income® 

$28,287 

$30,614 

$33,078 

$36,622 

0.0001 

Poverty rate' 

18.0 

16.5 

14.5 

13.3 

0.0001 

Percent of adults with high school education'* 

69.8 

71.3 

71.5 

78.3 

0.0001 

Percent of adults with college education® 

11.2 

12.6 

13.8 

17.0 

0.0001 

Unemployment rate' 

7.0 

6,0 

5.0 

4.7 

0,0001 

Age-adjusted mortality per 100,000' 

1,049.0 

1,007.3 

985.6 

932.7 

0.0001 


^The median split refers to minir>g counties with greater than, or less than, the median tons of coal mined during the combined years 199<1- 
2005; this median figure is 7,785,000 tons. 

'^Higher coal mining was significantly different from all groups; lower coal mining was significantly different from the nation, 

'Both coal mining locations were significantly different from others. 

'*Alt three Appalachian groups were significantly different from the nation. 

“Higher coal mining was significantly different from all groups, and lower coal mining was significantly different from all groups. 

‘Higher coal mining was significantly different from all groups, and both other Appalachian groups were significantly different from the nation. 


were located in the areas where the heaviest mining 
activity took place. For two indicators, poverty and 
unemployment, the disparity was unique to mining 
areas; that is, an Appalachian disparity compared with 
the nation did not exist outside of coal mining areas. 
Age-adjusted mortality was highest in areas of heaviest 
coal mining. 

Reductions in employment in the industry over 
time indicated the poor economic conditions of min- 
ing areas. The number of coal miners in Appalachia 
declined from 122,102 to 53.509 between 1985 and 
2005, This decline corresponded to increases in mecha- 
nized mining practices and the growth of surface min- 


ing. which requires fewer employees than underground 
mining per ton mined. 

Age-adjusted mortality rates 

The Figtire presents the age-adjusted total mortality 
rales for three groups of counties for 1979 through 
2005. Wc combined higher and lower levels of mining 
for iliis analysis. Significant main effects were pres- 
ent for time (F=869.8, jti<0.0001) and county group 
(F-23.6, /i<0.0001), and for the interaction of time 
and group (F==24.8, p<0.0001). (Morlaiity rates are 
sometimes studied using log normal distributions; we 
repeated this test on the log values of mortality rates 


Figure. Total age-adjusted mortality per 100,000 for the years 1979-2005, by county group 



- Coal mining counties - 


- Other Appalachian counties ▲ Rest of nation i 
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and still found significant main effect and interaction 
terms at the same levels of ^-values.) Historic trends 
showed declining mortality rates for all groups, but 
coal mining areas had the highest rates for every yean 
Non-mining areas of Appalachia had intermediate 
rates. The time X group interaction indicated that the 
gap between non-Appalachian counties and both other 
county groups increased; this increasing gap became 
most evident in 1997 and subsequent years as shown 
in the Figure. As illustrated, the mean gap between 
coal mining areas and the nation in the first five years 
(1979-1983) was 77.fi excess deaths per 100,000 and 
increased to 12fi.() excess deaths per 100,000 during 
the last five years (2001-2005). The trend between coal 
mining areas and other areas of Appalachia was more 
complex, as the gap between these groups of counties 
declined prior to 1997, but has increased since then. 

Across all years, the mean number of excess age- 
adjusted deaths in mining relative to non-niining areas 
of Appalachia was 42.74 per 100,000. The population of 
the coal mining regions of Appalachia was 9,301,03,3, 
based on the mean of the U.S. Census figures for 
1980, 1990, and 2000. Multiplying deaths per 100,000 
(42.74) by the population in 100,000 units (93.01) 
resulted in an excess of 3,975 annualized deaths In 
coal mining areas of the region compared with the 
rest of Appalachia. 

When we limited the analysis to the more recent 
period, 1997-2005, we found the number of excess 
annualized deaths to be 4,432. (This estimate u.sed 
only the 2000 U.S. Census population for Appalachia 
to best match the mortality time period.) If mortality 


rates in coal mining areas were equal to the nation 
outside Appalachia, the number of annualized averted 
deaths would be 8,840 for the period 1979-2005, and 
10,923 for the period 1997-2005. 

Covariate-adjusted mortality 

Regression inodel.s examined two time periods; 1979- 
2005 and 1997-2005. For each time period, one model 
used national data and one was limited to Appalachian 
counties. The resulLs of all four analyses indicated 
that higher age-adjusted mortality was independently 
related to coal mining counties in Appalachia after 
controlling for smoking rates, rural-urban location, per- 
cent male population, supply of primary care doctors, 
a regional South variable, poverty, race/edmicity, and 
education. We selected these covariates to be consistent 
with other research on this topic. We considered 
income and percentage of the population without 
health insurance, but then dropped them because of 
their high correlation with poverty. The covariates were 
themselves correlated with mortality. For example, we 
linked higher mortality with poverty, lower education, 
smoking, and higher percentages of African American 
and Native American populations. 

The model for the national analysis across all years 
is summarized in Table 2; other models were similar. 
As shown, the coefficient for the mining effect after 
controlling for covariates was 31.06. Multiplied by the 
population of mining areas, this translated to 2,889 
excess deaths. In other words, of the 8,840 excess age- 
adjusicd deaths found in mining areas, 2,889 remained 
after accounting for smoking, race, poverty, physician 


Table 2. Regression model results* to estimate total age-adjusted mortality per 100,000 
for 1979-2005 from mining, socioeconomic, and other variables: a national analysis 


Variable 

UnstandardUed coefficient 

Standard error 

P-va/ue 

intercept 

1,047.57 

45,42 

0,0001 

Mining (yes/no) 

31.06 

7.46 

0.0001 

Appalachia (yes/no) 

-2.57 

4,96 

0.6100 

Smoking rate 

3,08 

0.44 

0,0001 

Rural-urban continuum code 

-9.19 

0.56 

0.0001 

Percent male population 

-0.29 

0.69 

0.6800 

Primary care physicians per 1,000 

7.25 

1.17 

0,0001 

South region of U.S. (yes/no) 

24.01 

4.04 

0.0001 

Poverty rate 

5.24 

0.41 

0.0001 

Percent African American 

1-82 

0-13 

0.0001 

Percent Native American 

2.90 

0.18 

0.0001 

Percent nonwhite Hispanic 

-1.50 

0.14 

0,0001 

Percent Asian American 

-0.81 

0.62 

0.2000 

Percent with high school education 

-2.03 

0,32 

0.0001 

Percent with college education 

-3.34 

0.28 

0.0001 


"‘Mode! F— 355.67 {degree of freedom = 14, 3,125), p<0.0001; adjusted R* — 0,61 
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supply, education, and otlier variables. We also found 
this adjusted estimate for the number of excess deaths 
for the other three models, as shown in Table 3. 

Estimated costs and benefits of coal mining 
The assessment of the coal mining industry in Appala- 
chia resulted in an estimate of the 1997 economic con- 
tribution valued at $6.5 billion.^- This estimate included 
direct, indirect, and induced earnings impacts. To the 
extent that employment in the mining industry has 
experienced a downward trend,'*-^ future declines in 
employment would reduce this impact estimate. Com- 
paring the economic report with EIA figures''^'^ indicated 
an 11% decrease in employment in Appalachian coal 
mining from 1997 to 2005. We adjusted the impact 
estimate, which was based on employment iigurcs, 
downward by 11% to account for this decrease in 
employment. However, we increased the estimate based 
on the mean 4.35% annual increase in the Consumer 
Price Index between 1997 and 2005. The resulting 
contribution of the coal mining industry in 2005 dol- 
lars may be esStimaied at .$7,798 billion. State income 
from coal severance taxes added about $4.58 million 
to coal’s economic contribution to the region in 2005 
dollars, and tax credits reduced this amount by about 
$168 million, for a final total of $8,088 billion. 

We used two VSL estimates: $3.8 million and $6.3 
million per life.^^ We based these figures on 2000 dol- 
lars. Adjusting for the mean 4.60% annual increase 
in the Consumer Price Index between 2000 and 2005 
resulted in VSL estimates of $4.67 million and $7.74 
million expres,sed in 2005 dollars. Table 3 summarizes 
the estimates of the human cost of Appalachian coal 
mining by multiplying these VSL estimates with the 
estimates of excess deaths during varying tinte periods 
and comparison groups. The analy.sis is presented for 


both unadjusted and adjusted deaths. In the unadjusted 
analysis, resulting estimates ranged from $18,563 bil- 
lion to $84,544 billion, all of which were higher than 
the estimate of the beneficial economic impact of coal 
mining for the region. To identify a point estimate, we 
used the lower VSL estimate of $4.67 million, selected 
the more recent dine interval 1997-2005, and selected 
the mortality difference between coal mining areas and 
the nation based on the fact that the NIH goal is to 
equate health in Appalachia to the nation. Using this 
estimate, wc determined the cost associated with coal 
mining in Appalachia as $50.01 billion per year. 

After adjusting for otlier mortality risks, the VSL 
analysis continued to show excess costs relative to 
the economic benefits of mining. Estimates ranged 
from $8,236 billion to $18,166 billion. In the case of 
adjusted estimates, using the higher EPA VSL figure of 
$7.74 million was defensible bccau.se adjusted deaths 
more likely reflected enviromnenial health impacts 
of mining; the resulting point estimate was $18,166 
billion per year. 

Discount analysis 

Table 4 summarize.s the results of the discount analysis. 
Tliis analysis used as the starting point the 2005 benefits 
of coal mining and the 1997-2005 estimate of excess 
deaths to reflect more current conditions. A 2% 10-year 
discount resulted in future VSL costs that exceeded 
current benefits for seven of eight, scenarios. The only 
exception was for the smaller VSL that compared mining 
areas with oilier Appalachian areas adjusted for all cova- 
riales. Social disparity models indicated the importance 
of both socioeconomic and environmental variables and, 
therefore, the appropriateness of an unadjusted analy- 
sis: all four unadjusted resulLs showed discounted VSL 
costs exceeding current benefits, with a point e-stimate 


Table 3. Unadjusted and adjusted costs of coal mining by VSL estimate and comparison group 


Cost est/mates in billions for excess deaths in coal mining areas in comparison 
with other Appalachian counties and the nation, by time period 


VSI. 

Appalachia, 

1979-2005 

Appalachia, 

1997-2005 

Nation, 

1979-2005 

Nation, 

1997-2005 

Unadjusted 

$4.67 million 

$18,563 

$20,697 

$41,283 

$51,010 

$7.74 million 

$30,766 

$34,304 

$68,422 

$84,544 

Number of excess unadjusted annua! deaths 

3,975 

4,432 

8,840 

10,923 

Adjusted 

$4.67 million 

$8,236 

$8,491 

$13,492 

$10,923 

$7.74 million 

$13,646 

$14,071 

$22,361 

$18,166 

Number of excess adjusted annua! deaths 

1,763 

1,818 

2,889 

2,347 


VSL = vaiue of statistical life 
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Table 4. Discounted VSL costs in billions of dollars based on a 10-year 2% discount rate* 


Cost in billions compared with Appalachia Cost in billions compared with the nation 


Discounted VSL 

L/nadjusted 

Adjusted 

Unadjusted 

Adjusted 

$3.83 miiiion 

$16,979 

$6,965 

$41,846 

$8,991 

$6.35 million 

$28,141 

$11,543 

$69,356 

$14,902 


’Results are for two VSL estimates, for adjusted and unac^usted effects, and for comparisons with non-mining Appalachia and the nation. 
VSL -= value of statistical life 


of $41. 846 billion under the same assumptions used to 
select the non-discounted point estimate. 

DISCUSSION 

Age-adjusted mortality rates were higher every year 
from 1979 through 2005 in Appalachian coal mining 
areas compared with other areas of Appalachia or the 
nation. We found the highest mortality rales in areas 
with the highest levels of mining. Over lime, the gap 
in mortality rates between coal mining areas and other 
areas of Appalachia and the nation has increased. The 
disparity became particularly noticeable after 1996. 
Consistent with social disparities models,’^''* the results 
of the current regression analyses and other research 
suggest that poverty, low education level, smoking 
behavior, and environmental pollutants are among the 
factors that lead to higher mortality rates in coal mining 
areas. Higher mortality may also be dne in pan 
to conditions of elevated stress^"* caused by economic 
disadvantage and environmental degradation. The 
results suggest, but do not prove, that a coal mining- 
dependent economy is the source of these continuing 
socioeconomic and health disparities. The call by NIH 
for research to reduce and eliminate Appalachian 
health disparities should focus on eliminating dispari- 
ties in ibe coalfields. 

Previous research that examined specific forms 
of mortality in coal mining areas found that chronic 
forms of heart, re.spiratory, and kidney disease, as well 
as lung cancer, remained elevated after adjusting for 
socioeconomic and behavioral factors."’”* '^ Elevated 
adjusted mortality occurred in both males and females, 
suggesting that the effects were not due to occupational 
exposure, a.s almost all coal miners are men. These ill- 
ne.sse,s are consistent with a hypothesis of exposure to 
water and air pollution from mining acti\'ities. There 
is evidence that the coal mining industry is a signifi- 
cant source of both air and water polluiion.^^^ In the 
current study, the adjusted VSL costs indicate that the 
potential environmental impacts of mining exceed the 
economic benefits of mining. 


Eliminating the mortality disparity in coal mining 
areas would result in savings of an estimated 3,975 to 
10,923 lives per year based on choice of comparison 
group. The results of the unadjusted analysi.s showed 
that the corresponding VSL estimates outweighed the 
economic benefiLs of coal mining by up to an order 
of magnitude, and the point estimate outweighed the 
benefits of mining by a factor of six. 

Discounting the majority of \'’’SL costs 10 years into 
the future still rosullcd in costs that exceeded benefits 
in seven of eight tests. Social disparities models indi- 
cated that socioeconomic disadvantage should not be 
“adjusted away"; all four unadjusted tests showed future 
costs exceeding current beneliLs. 

Socioeconomic disadvantage Is a powerful cause of 
morbidity and premature mortality.^'"’’^ Coal mining 
regions have higher unemployment and poverty rates 
compared with the rest of Appalachia or the nation, 
and this economic disadvantage appears to be a contrib- 
uting factor to the poor health of the region’s popula- 
tion. Areas with especially heavy mining have the high- 
est unemployment rates in the region, contraiy to the 
common perception that mining contribntes to overall 
employment. The weakness of local coal-dependent 
economies i.s also evident from census data showing that 
migration has resulted in population loss from mining 
areas relative to non-mining areas. For example, coal 
mining counties in West Virginia experienced a mean 
net loss of 639 people to migration between 1995 and 
2000, compared with a mean net migration gain of 422 
people in non-mining counties.®^ 

We limited the calculation of costs and benefits to 
those occurring in the Appalachian mining indvisir)'. 
For example, we did not include benefits such as the 
economic productivity resulting from coal combustion 
in factories nor the costs of premature deaths from air 
pollution caused by burning coal in those factories.'^ 
We intentionally limited the analysis to an assessment 
of the costs and benefits of the coal mining industry 
for the people of Appalachia. 

We selected the VSL estimates that we used from 
studies by government agencies to reflect costs and 
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benefits of policies for the population at large. We 
exclnded VSL estimates derived from labor market 
studies, which typically result in higher mean VSLs for 
w'orking-age populations, so that all people, regardless 
of age, were included at equal value. Although studies 
liave generally confirmed that the VSL declines with 
age, regulatory policies to improve environmental 
health also have disproportionate benefits for tile 
elderly. The U.S. federal government has established 
that age discrimination (discounting the life value of 
older people) in VSL estimates is contrary to official 
policy.^'^ 

Limitations 

First, despite the significant associations between coal 
mining activity and both socioeconomic disadvantage 
and premature mortality, it cannot be stated with 
certainty that coal mining causes these problems. It 
is not possible to determine what the economic and 
public health outcomes would be in these areas in 
the absence of mining. However, given the literature 
on the impacts of social disparities aud the previously 
documented problems of coal-dependent economies, 
such a causal link seems likely. 

Second, we had no direct measures of environ- 
mental pollutants to determine what role they play in 
excess mortality. We concluded that such an impact 
was possible given the re.sulLs of the regression models 
and previously cited literature on the environmental 
consequences of coal mining. 

Third, the discount analysis contained uncertain- 
ties. It was difficult to understand the time lag and tlie 
appropriate discount rate to apply to account for an 
unknown proportion of excess mortality due to delayed 
effects given available data. 

Finally, the co.st estimates may be conservative 
because they do not consider reduced employment 
productivity resulting from medical illne.ss, increased 
public expenditures for programs such as food stamps 
and Medicaid, reduced property values associated with 
mining activities,''-'’’ and the costs of natural resource 
destruction.'''’ Natural resource.s .such as fore.sts and 
streams have substantial economic value when they 
are left intact,^’ and mining is highly destructive of 
these resources. For example, Appalachian coal mining 
permanently buried 724 stream miles between 1985 
and 2001 through mountaintop removal mining and 
subsequent valley fills, and will ullimatcly impact more 
than 1.4 million acres.-'’" Coal generates inexpensive 
electricity, but not as inexpensive as the price signals 
indicate because those prices do not include the costs 
to human health and productivity, and the costs of 
natural resource destruction. 


CONCLUSIONS 

In response to thi.s and other research showing the dis- 
advantages of poor economic diversification,- it seems 
prudent to examine how more diverse employment 
opportunities for the region could be developed as a 
means to reduce socioeconomic and environmental 
disparities and thereby improve public health. Potential 
alternative employment opportunities include develop- 
ment of renewable energy from wind, solar, biofuel, 
geothermal, or hydropow^er sources; sustainable 
timber; small-scale agriculture; outdoor or culturally 
oriented tourism; technology; and ecosystem restora- 
tion."*-’’-' The need to develop alternative economies 
becomes even more important when we realize that 
coal reserves throughout most of Appalachia are pro- 
jected to peak and then enter permanent decline in 
about 20 years.''‘’ 

Various efforts have been proposed to reduce carbon 
dioxide emis.sions to combat climate change. However, 
tighter pollution emission standards, carbon tax, cap- 
and-tradc, and carbon sequestration proposals, even 
if effective, will only address how coal is burned. Such 
proposals ignore how coal is extracted, processed, and 
transported prior to burning. These preconsumption 
processes carry their own significant economic, envi- 
ronmental, and health costs. 
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Abstract 

The goal of this study was to test whether the volume of coal mining was related to population 
hospitalization risk for diseases postulated to be sensitive or insensitive to coal mining 
byproducts. The study was a retrospective analysis of 2001 adult hospitalization data (N=93,952) 
for West Virginia, Kentucky and Pennsylvania, merged with county-level coal production 
figures. Hospitalization data were obtained from the Health Care Utilization Project National 
Inpatient Sample. Diagnoses postulated to be sensitive to coal mining byproduct exposure were 
contrasted with diagnoses postulated to be insensitive to exposure. Data were analyzed using 
hierarchical non-linear models, controlling for patient age, gender, insurance, co-morbidities, 
hospital teaching status, county poverty, and county social capital. Controlling for covariates, 
the volume of coal mining was significantly related to hospitalization risk for two conditions 
postulated to be sensitive to exposure: hypertension and chronic obstructive pulmonary disease 
(COPD). The odds for a COPD hospitalization increased 1 % for each 1 ,462 tons of coal, and the 
odds for a hypertension hospitalization increased 1% for each 1,873 tons of coal. Other 
conditions were not related to mining volume. Exposure to particulates or other pollutants 
generated by coal mining activities may be linked to increased risk of COPD and hypertension 
hospitalizations. Limitations in the data likely result in an underestimate of associations. 
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Hospitalization Patterns Associated with Appalachian Coal Mining 

Introduction 

Over the past several years, coal has become more competitive as a source of power and 
fuel because of 1) energy security concerns, 2) an increase in the cost of oil and gas, 3) evidence 
for the near term occurrence of peak global oil production, and 4) concerns about nuclear power. 
The U.S. has 27% of all known coal reserves (Folger 2006). The U.S. Department of Energy 
estimates that 153 new coal-fired power plants will come on line by 2030 (Klara and Shuster, 
2007.) Increases in coal mining in response to these pressures pose potential adverse health risks 
for persons who live in the vicinity of the mining activities. 

Anecdotal evidence on the negative health effects of living near coal mining sites in 
Appalachia is widespread. Residents reported serious health consequences they experience from 
living in the coalfields (Ooodell 2006). Water quality studies documented contaminated well 
water in West Virginia and Kentucky communities consistent with coal slurry toxins (MeSpirit 
and Dieckmann 2003; Stout and Papillo 2004). However, quantitative research on the 
relationship between residential proximity to coal mining sites and health consequences is rare; 
research conducted has been limited to studies in Great Britain and to a narrow range of 
respiratory illnesses. These studies found elevated levels of particulate matter (PM) (Pless- 
Mulloli et al. 2000a) and increased symptoms of respiratory morbidity (Pless-Mulloli et al. 
2000b; Brabin et al. 1994; Temple and Sykes 1992) associated with residential proximity to coal 
mining sites. Contaminated dust from coal washing activities is a significant local phenomenon 
(Ghose and Banerjee 1995). The harmful exposures faced by coal miners - diesel particulates. 
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dust, chemicals, fuels, and elemental toxins (Scott et al. 2004) - may be found in less 
concentrated form but for larger populations of individuals living near the mining sites. 

Previous research has established an association between hospitalization patterns and 
daily measures of air pollution in metropolitan areas (Simpson et al. 2005; Wellenius et al. 2006; 
Barnett et al. 2006; Yang et al. 2004; Yang et al. 2007). These hospitalizations, for 
cardiovascular disease, asthma and other respiratory diseases, are thought to result from 
exacerbations of existing illnesses from PM. A similar phenomenon may exist for residents 
exposed to pollution from coal mining activities. However, previous research on residential 
proximity to coal mining (Pless-Mulloli et al. 2000b; Brabin et al. 1994; Temple and Sykes 
1 992) has not examined hospitalization patterns. Therefore, the current study examines the 
relationship between hospitalization patterns and coal mining production among residents of 
three Appalachian states in the United States: Kentucky, Pennsylvania and West Virginia. 

Methods 

Design. The study is a retrospective analysis of 2001 person-level hospitalization data 
from Kentucky, Pennsylvania and West Virginia, merged with 2001 county-level data on tons of 
coal mined and other county-level data. 

Sample and Data Sources . Hospital data are taken from the Health Care Utilization 
Project (HCUP) National Inpatient Sample (NIS) of short stay general hospitals for 2001. These 
data are coordinated through the Agency for Healthcare Research and Quality (AHRQ), and are 
available as de-identified discharge abstracts for research purposes. The NIS data represents 
approximately a 20% probability sample of all hospitals in participating states. For the current 
study, adults 1 9 and over with all diagnoses were included, except for maternal cases and 
transfers from other hospitals, resulting in a sample of 93,952 hospitalizations from 90 sampled 
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hospitals. Maternal cases were excluded so as not to confound denominators in the 
hospitalization rates with normal labor and delivery, instead limiting the denominator to forms of 
illness or injury. Not every state participates in the NIS, and among those that do, only some 
provide the county identifier field. Among major coal producing Appalachian states, counties 
were identified in the NIS data by Kentucky, Pennsylvania and West Virginia, and thus are 
included in this study. 

Coal production figures for 2001 were obtained from the Energy Information 
Administration (Annual Coal Report, 2002.) The figures included the tons of coal mined in 
thousands from each county in both underground and surface mines. There were 73 counties 
represented in this database (including counties that mined no coal) with matching records in the 
NIS sample. 

Other county indicators included percent of population in poverty from US .Census data, 
and a measure of county production of social capital, standardized to a mean of 0 across all 
counties in the nation.(Rupasingha et al. 2006). Social capital has been shown in other research 
to be an important correlate of population health (e.g., (Lochner et al. 2003). 

Variables . NIS variables used for analysis include patient age (categorized as 1 9-44, 45- 
64, 65-74, 75-t), gender, payer (insured or uninsured), diagnoses, and hospital teaching status 
(teaching hospitals are academic health centers that conduct patient care, research and medical 
education, and that tend to serve most complex cases.) The Federal Information Processing 
Standards (FIPS) code was used to identify the county location of the hospital. The dependent 
variable was found from the diagnosis given in the primary diagnostic field. Diagnoses were 
grouped into those postulated to be “coal exposure sensitive” and “coal exposure insensitive.” 
The list of candidates for sensitive conditions is preliminary and based on previous health risks 
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reported in the literature for coal miners, findings established from exposure to air particulate 
pollution, or evidence for kidney or cardiovascular disease related to exposure to toxins found in 
association with coal mining (Wellenius et al. 2006; Barnett et al, 2006; Navas-Acien et al, 2005; 
Nishijo et al. 2006; Coggon and Taylor 1 998; Samat et al. 2006; Noonan et al. 2002; Navas- 
Acien et al. 2004) Where to place lung cancer is unclear; risk of lung cancer was linked to diesel 
particulate matter (Monforton 2006), but other research found no elevated risk for lung cancer 
among miners after controlling for smoking behavior (Montes et al. 2004); for this study lung 
cancer was tentatively positioned in the “sensitive” column. A list of postulated coal exposure 
sensitive and insensitive conditions is provided in Table 1 . The list of potential insensitive 
conditions is not intended to be final or exhaustive but to offer a sample of “control” conditions 
that are expected to be unrelated to coal mining exposure. Each diagnosis is thus a dichotomous 
variable, and the question becomes whether an exposure sensitive diagnosis is significantly 
higher in coal mining areas as a proportion of total hospitalizations, whereas exposure insensitive 
conditions should not differ as a function of coal mining intensity. 

Other NIS variables are used as covariates. These include age, gender, uninsurance, 
hospital teaching status, and co-morbidities. Co-morbidities are measured in two ways. First, by 
the count of non-missing secondary diagnosis fields ranging potentially from 0 to 14, and 
second, by a Charlson index (Charlson et al. 1987) calculated for each case based on diagnostic 
codes reported by Romano et al. (1993) and scored 0 to 3 to indicate increasing severity of co- 
morbidities. 

Coal production was not normally distributed across counties. Because more than half of 
the counties produced no coal, a square root transformation was preferred over a log 
transformation. The coal production variable was transformed by taking the square root of tons 
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of coal measured in thousands. The coal production variable was linked to the hospital records 
at the county level. 

Analysis. After descriptive analyses, inferential analyses determined whether 
hospitalizations for “exposure sensitive” and “exposure insensitive" conditions were 
significantly elevated as a function of coal production, accounting for other variables likely to 
correlate with health indicators. The analysis was done at the person-level using HLM 6.03 
multi-level Bernoulli modeling for the dichotomous presence of the dependent variable 
diagnosis. The square root of county-level coal production was included as a level 2 predictor. 
Level 1 (person-level) covariates included gender, age, uninsurance status, hospital teaching 
status, co-morbidity count and Charlson index. Level 2 (county-level) covariates included social 
capital and poverty rates. The intercept effect was treated as a random variable but other 
predictors were treated as fixed. Results are reported for final population estimates with robust 
standard errors. Significant coal effects are identified based on odds ratios greater than 1 at the 
95% confidence interval. 

Additional analyses examined gendet diffetences to confirm that coal effects were not 
limited to men, who may be current or former miners, and to examine scatterplots between 
observed and expected level 2 residuals to confirm adequate model fit. 

Results 

Table 2 summarizes descriptive characteristics of study variables. The average age of the 
sample was about 67, and about 56% of patients were female. The most common diagnoses 
among those coded for analysis were congestive heart failure, ischemic heart disease, chronic 
obstructive pulmonary disease (COPD), and diabetes. 
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Table 3 summarizes hierarchical model results. Greater coal raining was positively 
related to more hospitalizations for two postulated coal sensitive conditions, hypertension and 
COPD. It was not significant for other conditions, including the potential insensitive conditions. 
There was a significant negative relationship between coal production and hospitalization for 
lung cancer and kidney disease. 

The odds ratios are expressed relative to the square root of coal in thousands of tons. 
Transforming the odds ratios back to the original metric results in the odds of a COPD 
hospitalization increasing 1% for each 1,462 tons of coal, and the odds for a hypertension 
hospitalization increasing 1% for each 1,873 tons of coal. 

The possibility that the results may reflect current or former miners who live in the area, 
rather than a general population effect, may be dismissed through an examination of gender 
effects. Almost all coal miners are men. Results for the significant COPD model show no 
gender effect, and results for the significant hypertension model show a higher risk for women. 

The scatterplot of observed to expected model residuals was examined to determine 
whether the level 2 errors in the model were randomly distributed. Figure 1 shows that observed 
and expected errors are closely related. This figure is for the hypertension model, but the COPD 
model showed similar results. The correlation between observed and expected error in Figure 1 
was 0.98. 


Discussion 

This is the first study to show that hospitalizations for COPD and hypertension are 


significantly elevated as a function of Appalachian coal production at the county level. The risk 
increases significantly as the volume of coal mining rises. The effects might be a result of 
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exposure to PM associated with mining activities such as coal extraction and washing (Ghose 
and Banerjee 1995), exposure to diesel particulate matter from operation of engines at mining 
sites (Monforton 2006), or some interactive combination tliereof. 

Effects were not found for other conditions that were hypothesized to be sensitive to coal 
exposure, including kidney disease, lung cancer and forms of heart disease. This might be due to 
exposure effects that are too weak to exert negative impacts on residents, limitations in the 
precision of the hospitalization data (discussed in more detail below), or time lags between 
exposure and illness. Exposure effects were not found for any of the potential insensitive 
conditions. These lists of sensitive and insensitive conditions are only a starting point for refined 
classifications as knowledge on this topic progresses. 

Limitations of this study include the ecological design, which prohibits drawing a 
definitive causal link between the hospitalization event and coal mining activities. Adjustments 
were made for a set of demographic and county indicators, but it is possible that other 
unmeasured variables may contribute to poorer health in a way that is confounded with coal 
mining. Smoking and obesity, in particular, were not measured. However, the reverse finding 
for lung cancer suggests that coal production and smoking patterns are not confounded. Air 
pollution levels from industrial sources were also not measured, although power plants tend to be 
located in population centers and along major rivers, whereas primary coal mining locations 
often occur in separate, more rural areas. The weather patterns associated with a particular 
season might also affect both illness and volume of mining (i.e., a cold winter increases 
susceptibility to illness and increases economic demand for coal); this issue may be addressed in 
future research by examining effects for longer time intervals. The use of the proportional 
hospitalization indicator, like a proportional mortality ratio, has limitations (Miettinen and Wang 
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1981; Decoufle et al, 1 980), such as its dependence on the relative frequency of coal sensitive to 
insensitive conditions in the population. 

The data are also limited by the geographic crudeness of the county measure: some 
persons may live in a coal mining county but some distance from the mining activities, while 
others live across county lines but closer to mining sites. Future research would be improved by 
obtaining a more refined geographic match between residence and coal mining activities; 
possibilities include secondary census tract data (e.g., Vassilev et al. 2001), or primary data 
collection studies with Geographic Information System (GIS) indicators. Unfortunately the coal 
production figures for this study were not available on those smaller scales. 

A significant limitation of the hospitalization data is that the county identified the 
location of the hospital, not necessarily the location where the patient resided. Persons who were 
transferred from other hospitals were excluded from analysis, but this is not a complete solution. 
To the extent that people move from one area to another for hospital care, this introduces error 
into the measurement. This error appear to be random rather than systematic, making detection 
of effects more difficult but not creating bias in the direction of effects. To make an argument 
for biased results due to patient mobility, one would have to argue that people differentially 
move from non-coal mining areas to coal mining areas for hospital care, for only COPD and 
hypertension and not for other conditions, and that this occurs relative to the intensity of mining. 
This particular pattern of movement seems unlikely. To the extent that error is random, with 
some patients moving into and out of coal producing areas for care, coal mining effects will be 
underestimated. 

Another limitation of hospitalization data is that it is an indicator that is influenced by 
various other factors, including the quality of the ambulatory care system, and payer or 
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geographic variation in diagnostic practices, in ways that could not be measured. COPD and 
hypertension in many cases are instances of ambulatory care sensitive conditions. If the quality 
of outpatient care for these conditions is systematically poorer in coal mining areas, this might 
result in more frequent hospitalizations, but again, one would have to argue this poor quality 
phenomenon selectively for COPD and hypertension, when other ambulatory care sensitive 
conditions, such as diabetes, showed no relationship to coal mining. Local diagnostic practice 
variations, such as distinctions between adult asthma and COPD, may also introduce error into 
estimates, as may differences due to type of payer. 

The teaching status of the hospital was a variable that sometimes affected admission 
patterns. Teaching status likely interacts with mobility patterns, where patients with complex or 
serious illnesses are more likely to travel from their area of residence to a teaching hospital for 
specialty care. To the extent that teaching hospitals are located in urban areas where coal mining 
does not take place, this pattern may obscure possible coal related effects. Lung cancer and 
kidney disease represent serious, complex illnesses, and hospitalization for these conditions were 
marginally higher as a function of teaching status (p<.10), which may help to account for their 
non-significant links to coal mining. Hypertension and COPD, on the other hand, were related to 
less severe co-morbidities and unrelated to hospital teaching status, suggesting that these 
conditions are more likely to be treated at local hospitals near the patient’s residence. 

Despite the data limitations, which may be expected to dilute the magnitude of effects, 
effects were found for two health problems that are consistent with an exposure hypothesis. The 
inhalation of PM is associated with hypertension (Ibald-Mulli et al. 2001; Brook 2005; Urch et 
al. 2005; Krewski et al. 2005) and COPD (Brabin et al. 1994; Coggon and Taylor 1998) among 
miners and residents and in lab conditions. Individuals with hypertension show increased 
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association between systemic inflammation and ambient PM2.5 (particulate matter with a mass 
mean aerodynamic diameter <=2.5 micrometers.) (Dubowsky et al. 2006) Tbe current study 
may be detecting the acute effects from residential exposure to PM at a certain time, or a chronic 
exposure effect which accumulates over time into increased risk of hospitalization. Other 
research has found that long-term exposure to ambient air pollution is related to higher incidence 
and mortality rates from cardiopulmonary disease and lung cancer (Miller et al. 2007; Krewski et 
al. 2005). Additional research using more refined methods will be necessary to isolate the nature 
and magnitude of the exposure effect. Future research may employ primary data collection 
efforts in targeted communities distal and proximal to coal mining activities to collect data on 
physiological measures and disease incidence for residents in these communities. Future studies 
need to clearly identify specific processes and pollutants that exert pathologic effects on local 
populations. 

Conclusions 

The health consequences of exposure to mining activities reflects only a portion of the 
entire coal production and consumption cycle. Coal mining poses occupational hazards to 
miners (Scott et al. 2004), its burning contributes to air pollution and subsequent health hazards 
(Wellenius et al. 2006), and carbon emissions contribute to climate change with potential global 
health risks including infectious epidemics, disruptions in the food chain, increased asthma 
prevalence, lung damage from ozone, and health consequences of floods and droughts (Patz et al. 
2005; Bernard et al. 2001; Epstein 2005). The health risks from residential proximity to mining 
present an additional negative consequence that results from reliance on this energy source. 

If exposure effects are supported by further research, economic analyses of coaTs 
contribution to domestic productivity may need to be revised to take into account the lost 
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produclivity and medical care cosls linked to residential proximity to mining. Calculation of 
pollution levels in geographic areas may be developed to account for both the production and 
consumption of carbon-based energy. Implementation of national or state environmental and 
public health policies may be indicated to protect nearby citizens from mining byproduct 
exposure. 
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Table 1. List of potential candidates for coal sensitive and coal insensitive conditions, with 
corresponding diagnostic codes. 


Coal sensitive 

Coal insensitive 

Category 

ICD-9 codes 

Category 

ICD-9 codes 

Lung cancer 

162 

Diabetes 

250 

COPD 

490-492, 494-496 

Musculoskeletal and 

connective 

710-739 

Hypertension 

401-405 

Organic psychoses 

290-294 

Kidney disease 

580-589 



Congestive heart 

failure 

428 



Ischemic heart disease 

410-413 



Asthma 

493 




19 
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Table 2. Descriptive summary of study variables. 


Variable 

Mean or % 

St. deviation 

Min. - Max. 

Person-level (N=93.952) 




Mean age 

66.9 

14.3 

19-105 

Mean co-morbidity count 

4.12 

2.10 

0-9 

Mean Charlson index 

0.41 

0.65 

0-3 

% female 

55.7 



% uninsured 

1.57 



% teaching hospital admissions 

33.2 



% with primary diagnosis of: 




COPD 

3.33 



Asthma 

0.92 



Hypertension 

1.39 



Kidney disease 

1.09 



Congestive heart failure 

9.61 



Ischemic heart disease 

4.57 



Diabetes 

7.62 



Lung cancer 

0.40 



Organic psychoses 

0.49 



Musculoskeletal and connective disorders 

3.83 



County-level (N=73) 




Tons of coal x 1 000 

1957.70 

6643.16 

0-44303 

Square root (tons of coal x 1 000) 

20.94 

39.25 

0-210.48 


20 
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Percent population below poverty 

15.22 

6.69 

4,8-37.7 

Social capital index 

-0.17 

0.42 

-1.14-0.50 


21 
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Table 3. Hierarchical model results, coal production effects controlling for person and 


county covariates. 



COPD 



LUNG 

CANCER 


Independent 

Odds ratio 

95% 


Odds ratio 

95% 

Variables 


Confidence 



Confidence 



Interval 



Interval 

Coal production 

1.003 

1.001-1.006 


.997 

.993-1.000 

County poverty rate 

1.017 

.987-1.048 


1.010 

.966-1.056 

Social Capital 

-.467 

.416-.945 


1.205 

.641-2.266 

Age 

1.154 


1 

1.216 

1.076-1.374 

Female 

.979 

.870-1.102 


.681 

.545-.851 

Teaching status 

.789 

gllgjlllllll 

■ 

1.775 

.931-3.382 

Co-morbidity count 

.918 



.878 

.823-.936 

Charlson index 

.664 

.600-.735 


3.602 

3.220-4.029 

Uninsured 

.681 

.464-.999 


.238 

.079-.714 


HYPERTENSION 


1 



Coal production 

1.003 

1.001-1.005 


.998 

.994-1.001 

County poverty rate 

.992 

jj^^gmiii 

1 

1.045 


Social Capital 

.701 


1 

1.504 

.614-3.685 


22 
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Age 

1.086 

1.033-1,141 


.605 


Female 

1.218 


1 

.899 


Teaching status 

1.236 


■ 

.978 


Co-morbidity count 

.977 

.944-1.012 


.906 


Charlson index 

.913 

.847-.985 


.983 


Uninsured 

1.739 

.976-3.098 


1,808 



KIDNEY 

DISEASE 



ORGANIC 

PSYCHOSES 


Coal production 

.997 

.994-.999 


.998 


County poverty rate 

1.000 

,972-1,030 


1.003 


Social Capita! 

.639 



1,812 


Age 

1.077 

1.010-1.149 


1.25! 


Female 

1,005 


1 

.563 


Teaching status 

1.269 

.975-1.635 


.509 

mum 

Co-morbidity count 

1.441 


■ 

1,025 

.918-1.145 

Charlson index 

.909 


1 

.702 


Uninsured 

.465 

.192-1.130 


1.039 

.452-2.392 


ISCHEMIC 

HEART DISEASE 



MUSCULO- 

SKELETAL 


Coal production 

.998 

.995-1.002 


1.002 

1,000-1.004 

County poverty rate 

1.002 

.973-1.032 


.985 

.957-1.014 

Social Capita! 

.957 

.643-1.428 


2,629 

1.653-4.181 


23 
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Age 

1,108 

1.066-1.151 


.987 

.938-1.039 

Female 

.733 

.697-.771 


1.177 

1.062-1.305 

Teaching status 

.999 

.741-1.347 


1.044 

.798-1.365 

Co-morbidity count 

1.037 

1.005-1.069 


.869 

.837-.903 

Charlson index 

.809 



.741 

.680-.809 

Uninsured 

1.494 



.463 

.294-.729 


ASTHMA 



CONGESTIVE 

HEART 

FAILURE 


Coal production 

.999 



1.000 

.999-1.001 

County poverty rate 

.981 



1.009 

.986-1.033 

Social Capital 

.898 



.823 

.604-1.121 

Age 

,598 

.549-.651 


1.324 

1.280-1,368 

Female 

2.536 

2.010-3.199 


1.028 

.963-1,098 

Teaching status 

.855 

.617-1.183 


.757 

,591-.970 

Co-morbidity count 

.898 

.875-.923 


1.119 

1.096-1.143 

Charlson index 

.448 

.388-.517 


1.049 

1.004-1.095 

Uninsured 

.690 

,468-1.018 


.885 

.567-1.381 


24 
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Figure 1 . Scatterplot showing observed and expected level 2 residuals for hypertension model. 
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WATER QUALITY FROM UNDERGROUND COAL MINES 
IN NORTHERN WEST VIRGINIA (1968-2000) 

Jennifer Demchak, Louis M. McDonald, Jr., and Jeff Skousen 

INTRODUCTION 

Acid mine drainage (AMD) is a serious problem from both surface and underground coal 
mines. According to the U.S. Environmental Protection Agency (1995) approximately 10,000 km 
of streams have been affected by AMD in the four states of Pennsylvania, Maryland, Ohio, and 
West Virginia. Many mines currently discharging AMD were operated and abandoned before 
enactment of the Surface Mining Control and Reclamation Act (SMCRA) of 1977. The Act 
provided standards for environmental protection during mining operations and placed the 
responsibility of AMD control and treatment on the operator (SMCRA 1977). The Act also 
provided a means for reclaiming abandoned mines by taxing current coal operators, which 
generates funds for abandoned mine land reclamation programs. Even with millions of dollars 
spent in reclaiming abandoned mine lands, these abandoned mines still generate more than 90% 
of the AMD in streams and rivers in the region and most of this acidic drainage flows from 
underground mines (Faulkner 1997, Zipper 2000). 

Because these sites were abandoned before 1977, no company or individual is 
responsible to treat the water and therefore the receiving streams are polluted and are essentially 
unusable. High flows and high levels of pollution (high acidity and metal concentrations) 
necessitates the use of chemicals for treatment, which tend to be expensive and labor intensive. 
Costs for chemicals, dispensing equipment, electricity for pumps, and manpower all add up to 
significant public expense if the treatment entity is a government agency or utility. Perhaps the 
largest cost to the public is the unavailability of the waterbody for use and the accompanying 
impaired aesthetics and degraded water quality. Therefore, simple and inexpensive treatment 
approaches are being sought as well as a better understanding of the natural processes within 
mines that affect water quality over time. 

An understanding of the behavior of acid-producing materials within abandoned mines 
would allow an estimate the longevity of acid discharge, which will aid in determining 
remediation strategies and the short and long-term costs of treatment. However, the changes in 
flow and water quality over time from surface and underground mines are not well documented. 
Surface mining generally removes 90% or more of the coal thereby leaving little in the backfill 
for continued reaction and acid generation. The coal that does remain was broken apart by 
blasting and the acid products are leached fairly rapidly, typically within 1 6 to 20 years (Meek 
1996). Special handling of toxic materials may reduce the amount of pyrite oxidized, and the 
addition of alkaline material during mining may neutralize acid in-sitti, both of which decrease 
the total acid load coining from the site (Brady et al. 1990, Perry and Brady 1995, Rich and 
Hutchinson 1990, Rose et al. 1995, Skousen and Larew 1994). During the 20 years after 
reclamation, discharge water quality may reach pre-mining levels. Acid discharge from 
underground mines usually lasts much longer, sometimes 50 to 100 years (Wood et al. 1999). 

The earliest model for the longevity of AMD from underground mines was the former British 
Coal Corporation’s ‘rule of thumb’ for below-drainage mines. Iron concentrations in an 
abandoned mine were assumed to decrease by 50% during each subsequent pore volume flushing 
(the time period required for the mine pool to be filled with water). For example, if 10 years are 
required for a mine to fill with water, the iron concentration should decrease by half every 10 
years. This suggests an exponential decay as described by Glover (1983). 
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Other researchers have observed that the most severe drainage occurs within the first few 
decades and even the largest systems settle to lower levels within 40 years. For mines in the UK, 
a neutral pH was reached within 30 years, and after 40 years the iron concentrations were less 
than 40 mg/L (Wood et al. 1999). Jones et al. (1994) also showed that underground mine water 
in Pennsylvania changed from acidic to neutral over a period of decades. 

Younger (1997) has categorized the acid load that flows from underground mines as 
“vestigial” or “juvenile” acidity. Vestigial acidity is associated with the first-time flushing of acid 
products from the mine during initial abandonment and flooding. Juvenile acidity, is produced 
from ongoing pyrite oxidation due to fluctuations in the water table and may persist for hundreds 
of years depending on the hydrology of the underground mine system. The longevity of AMD at 
a given site is dependent on the rate of depletion of both the vestigial and juvenile acidity. 

These descriptions of AMD longevity may not apply to shallow drift mines where 
ventilation facilitates pyrite oxidation and contamination continues for decades until the pyrite is 
exhausted (Younger et al. 1997). In above-drainage underground mines, water does not generally 
flood the mine and the water flows out at the down-dip side of the mine. In these situations, the 
rate of dilution is greatest where the volume of the mine is small, the recharge rate is high, and 
water flow out of the mine is high (Younger 1997). Another concern with these above-drainage 
mines is the fluctuation of water levels due to seasonal variations in precipitation. During low 
water levels, pyrite oxidation forms iron-hydroxysulfate solids, which settle on coal and rock 
surfaces due to evaporation. When the water levels rise, these acid products dissolve and are 
released into the mine pool. Pyrite oxidation can continue to occur on the wet, oxidized mineral 
surfaces, producing a continuing cycle of acidity production (Younger 1997). 

Discharge chemistry is affected by several primary factors. One important factor is the 
coal seam, and more specifically the pyrite content of the mined coal seam. Each coal seam is 
unique with relatively predictable chemical and physical features, which may affect discharge 
water quality. 

The mining method and degree of coal removal within a mine are other variables 
affecting discharge chemistry. Room and pillar underground mining (the most common method 
in this area) often left more than 50% of the coal as support for the roof After abandonment, this 
coal continues to weather and crack away from the pillar, allowing more of the pyrite in the pillar 
to react. Remining old underground mines by surface mining has the potential to improve pre- 
existing acid discharges by removing coal pillars and then reclaiming the site to current 
reclamation standards, which often includes mitigating any acid mine drainage potential 
(Hawkins 1994, Richardson and Doughterty 1976). 

Previously mined sites with acid discharges can be also affected by subsequent, adjacent 
surface mining. The flow may decrease because the surface overlying the recharge area has been 
reclaimed and vegetated, which could decrease infiltration into the underground mine. This 
effectively decreases the size of the mine pool and the subsequent flow rate out of the mine. 
Adjacent surface mining may also cause the collapse of the roof in portions of the mine, thereby 
changing flow paths or altering interconnection of certain areas. The collapse of pillars or roof 
rocks could create fresh pyrite surfaces for AMD reactions to take place and increase acid 
production. The degree of disturbance in a mine is difficult to predict and its ensuing impact on 
mine water chemistry is also difficult to predict over time. 

A study in 1968 identified and sampled numerous underground mine discharges in the 
northern West Virginia coal region. Most of these discharges were coming from above-drainage 
underground mines. We revisited those sites in 1999 and 2000 and analyzed the water from the 
same discharge points. Several of the sites also had been sampled and analyzed in 1980, which 
provided an intermediate time to check acidity and iron concentrations from the mine. From this 
data set, we determined the change in water quality during this 30-year period and evaluated the 
factors that may have been responsible for their change. We tried to correlate these changes to 
disturbance effects and coal seam differences. 



252 


METHODS AND MATERIALS 

Fifty underground mines and their associated discharges were sampled and used for water 
quality comparison. The sites were located in Preston and Monongalia Counties of West Virginia, 
and Fayette County in Pennsylvania. The sites were found according to marked locations on 
Valley Point, Cuzzart, Kingwood, Masontown, and Morgantown North USQS quadrangle maps. 
The discharges all drained underground drift mines to various streams within the Monongahela 
River Basin. Most mines operated in the Upper Freeport and Pittsburgh coal seams, but a few 
sites mined the Bakerstown, Upper Kittanning, and Lower Freeport seams. The drift mining 
method was generally used in hilly areas where coat seams outcrop along the contour and where 
the seam is nearly flat or slightly dipping. 

The Pittsburgh coal seam is the lowest member of the Monongahela Series. The seam has 
a moderate sulfur content (1.5 to 2.0%) and a low ash content (6%). The Pittsburgh coal is 
composed of alternate layers of coal and slate or shale. A typical Pittsburgh coal cross-section 
shows a 3-m layer of good coal, a 0.7-m layer of bone coal or slate, and another 3-m layer of 
good coal. The Pittsburgh coal along the Monongahela and Cheat Rivers is located close to the 
surface (Hennen and Reger 1914). 

The Upper Freeport coal seam is the topmost strata of the Allegheny Formation of the 
Pennsylvanian System. Freeport coal is relatively low in sulfur (<1 .5%) and has a moderately low 
ash content (8 to 12%). It is a multiple-bedded seam that is divided into a top coal and bottom 
coal, separated by a shale interlayer, all averaging a total of six feet in thickness (Hennen and 
Reger 1914). The overlying strata in the Conemaugh Group contains several massive sandstones 
and some shales. Limestone or alkaline-bearing rock units are not generally found within 50 m 
above the Upper Freeport coal in this area, so very little overlying geologic material is available 
for acid neutralization (Hennen and Reger 1914). 

1968 Study 

A previous study was conducted from 1968-1970 where field crews were sent out to 
identify all coal mines within the Monongahela River Basin and to sample their discharges. Each 
crew worked from 7.5-minute USOS topographic maps on which they outlined mine boundaries 
and indicated mine openings. Field sheets were also completed at each site with location and 
overburden information. Sites with a discharge were identified on the maps, flow rates were 
determined, and the water was sampled. The flow was measured when possible with a bucket 
and stopwatch. For larger flows, the crew installed a V-notch weir and measured flow rate. 
These values were recorded on the field sheet. In the field at the time of water collection, the pH 
of the discharge was measured using an electrometric pH meter, and temperature was checked 
with a lab grade thermometer. These values were recorded on the field sheet. 

Two water samples were taken at each discharge in this early study: 1) a plastic quart 
bottle was filled, put on ice, and then analyzed in the laboratory for acidity, alkalinity, hardness, 
sulfate, and pH; and 2) a glass bottle was filled, treated with acid, and then analyzed in the 
laboratory for metals (total iron, manganese, aluminum). Water samples were delivered to the 
laboratory each Friday where they were analyzed using methodology from the latest edition of 
Standard Methods. Water analyses were monitored for accuracy and precision by running 
periodic samples of reference standards (Personal communication, Gary Bryant, U.S. EPA 1999). 

1999 Study 

Mine sites and their associated point discharges were located on the USGS topographic 
map marked by the 1968 crew. Based on observations of the surrounding conditions, each site 
was categorized as disturbed or undisturbed. Undisturbed meant that the site appeared to have 
remained untouched since 1968 and where no obvious influence had occurred to the mine site or 
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within the underground mine. Disturbed suggested that either surface mining had occurred in the 
area since 1968 or the area has been reclaimed or remined. 

Discharges were sampled as close to the mine portal as possible. Flows were calculated 
using a measured cross-sectional area and flow velocity or an estimate was made. Two water 
samples were taken at each sample point: 1) a 250-mL unfiltered sample was taken for general 
water chemistry (pH, conductance, acidity, and alkalinity); and 2) a 25-mL, filtered sample was 
acidified to pH <2 with 0.5 mL concentrated nitric acid and used to determine metal 
concentrations. 

Water pH, alkalinity, and acidity were determined by a Metrohm pH Stat Titrino System 
(Brinkman Instruments, Wesbury, NY). Conductivity was measured using an Orion Conductivity 
meter Model 115 (Orion Instruments, Beverly, MA). The metal analysis was preformed using an 
Inductively Coupled Spectrophotometer, Plasma 400 (Perkin Elmer, Norwalk, CT). Sulfate was 
measured turbidimetrically by flow injection analysis (Latchat Instruments, Milwaukee, Wl). 

Statistical Analysis 

A subset of 28 sites for which a complete data set (pH, acidity, iron, aluminum and 
sulfate) was used for the statistical analysis. These 28 discharges emanated from 24 different 
mines. Analysis of variance was performed using a full model with main effects of Year, 
Disturbance, Coal Seam, and all possible interactions as class variables using PROC GLM (SAS 
Institute). Based on Type III sums of squares, the least significant term was dropped and a new 
analysis performed. This process was repeated until an optimal model for each parameter, the one 
that minimized the mean square error (MSE), was determined. Means for significant (alpha = 
0.05) model terms were separated using Tukey’s Honestly Significant Difference (alpha = 0.05). 

RESULTS AND DISCUSSION 

Overall models were significant for all parameters (Table 1) even though values were 
somewhat low. A low R^ is not entirely unexpected given the large, inherent variability of this 
data set and the relatively simple model used. Other variables likely to affect the variance in this 
data set include mine age and size (Table 2), mining practices and mine pool stratification 
(Ladwig et al. 1 984). A slow mixing of water at various depths occurs between the dilute, newly- 
recharged waters at the top of the mine pool and the more dense, deeper waters containing high 
dissolved solids. Depending on the location of discharge (whether pumped from low levels in the 
mine pool, or discharged freely at the top of the pool), the water quality coming from the same 
mine pool may be quite variable. 

None of the main effects or interactions was significant for the parameter Flow (Table 1). 
The fact that there was no Year effect for Flow suggests that these two sampling years (1968 and 
2000) were similar and that water quality data can be compared directly. This is an important 
consideration because water quality parameters are sensitive to flow, and the within and between 
year variability can be large. Flow can affect water quality by diluting concentrations being 
released from the mine or can make the discharge appear more severe during low flow conditions. 

The main effects of Year and Coal Seam were significant for the water quality parameters 
Acidity, Iron, Aluminum, and Sulfate; but only the Year effect was significant for pH (Table 1). 
Water quality was better in 2000 than in 1968 and worse if draining from the Pittsburgh coal 
seam (Table 3). There was a significant Year*Coal Seam interaction for Acidity and Sulfate. 
There were small but significant improvements in Acidity and Sulfate on the Upper Freeport 
sites, but the largest improvements occurred on the Pittsburgh sites (Figure 1). Significant 
differences were found in water quality between the Upper Freeport and Pittsburgh sites in 1968, 
but these differences vanished in 2000. That is, the main effect of Coal Seam on Acidity and pH 
is due principally to the water quality differences in 1968. The same general trends were also 
observed for Iron and Aluminum. There was a significant Disturbance main effect for only Flow 
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and Aluminum, suggesting that it is time and not disturbance that has the largest effect on water 
quality discharging from a mine. These trends support the idea that natural attenuation occurs 
within underground mines. 

This attenuation may be similar to what occurs on surface mines. As water infiltrates into 
the mines, acid products are leached from the rocks, and eventually water quality can reach pre- 
mining levels (Meek 1996). This process may not be as straightforward in an underground mine, 
due to subsidence and ever changing flow paths. The attenuation can also be related to 
Younger’s description of vestigial and juvenile acidity. The samples collected in 1968 may have 
been close enough to the time of mine closure to still be experiencing vestigial acidity. The 
samples collected in 2000 are examples of the juvenile acidity that continues to be released from 
the mines for up to 100s of years (Younger 1997). Our data set also suggests that the models 
established by Jones et al, (1994) and Younger (1997) can be applied to above-drainage, shallow, 
drift mines. 

It is important to consider the age of the mines in order to determine the break-off 
between vestigial and juvenile acidity (Table 2). For six of the twenty-eight discharges, 1980 
data was found and used to analyze the trend of vestigial and juvenile acidity (Figure 2). The 
data at these six discharges show the overall trend of improving from 1968 to 1980, and then 
improving more between 1980 and 2000, except for Lake Lynn 3 and Martin Creek 2. Cheat 
River 5 began operation in 1935, meaning it would be 45 years old when sampled in 1980. The 
vestigial acidity should have been released by this time, but the mine should continue to release 
lower levels of juvenile acidity. In 1980, the youngest mine was Martin Creek 2. It shows 
dramatic decreases in both iron and acidity concentrations as compared to the 1968 sample, even 
though sulfate increased. This one mine shows that it has released its vestigial acidity in less than 
25 years. It would be valuable to have large data sets over time to determine the exact break-off 
point when acidity comes primarily from vestigial to juvenile. 

During a study from 1966 to 1968 (U.S. ERA 1973), 191 openings were found from both 
active and abandoned surface and underground mines. Over 1 44 miles of stream were affected in 
this lower Cheat River area extending from Rowlesburg to Cheat Lake. In this early study, 
Muddy Creek contributed 25% of the acid load to the Cheat. Unpublished data from the U.S. 
ERA (Gary Bryant, personal communication, 2002) showed that the acid load from Muddy Creek 
in 1968 was about 2,595 tons/year. This is considerably lower than the measured acid load by the 
WVDNR (Table 5) where Muddy Creek contributed 7,428 tons/year in 1980 and 8,068 tons/year 
in 1995. The percentage of the acid load into the Cheat was about the same in 1968 and 1980, but 
a much higher percentage of acid in the Cheat came from Muddy Creek in 1995. Bull Run 
contributed 4,445 tons/year in 1968, compared with much lower numbers in 1980 and 1995. 
Mining of the Upper Freeport coal in Bull Run had largely been abandoned by the early 1970s, 
and there appeared to be a significant decrease in acid load coming from this stream during the 
next several decades. In contrast, mining in the Muddy Creek watershed continued through the 
1980s and 1990s, and only recently was mining largely decreased in the watershed. 

Over 30 miles of stream were degraded between Tunnelton and Kingwood in the 
tributaries of Rringle, Heather, Lick and Morgan Runs. The 1968 U.S. ERA study gave estimates 
of about 3,385 tons/year of acid coming from all four tributaries, but the estimates of acid load in 
1980 and 1995 are much higher (Table 5). 
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Table 1. Summary statistics for overall GLM model and significance level (Pr>F) for 
main effects and interactions. 





Parameters 



Flow 

pH 

Acidity 

Fe 

A1 

SO 4 


L/min 

s.u. 


mmol/L 


Overall Model 







Mean 

74.5 

3.4 

14.3 

3.8 

3.3 

20.6 

MSB 

28345 

1.60 

161.70 

10.09 

10.34 

260.51 


0.09 

0.21 

0.48 

0.52 

0.42 

0.48 

Pr>F 

0.0773 

0.0068 

<0.0001 

<0.0001 

0.0003 

<0.0001 







Year 

0.1135 

0.0248 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

Coal Seam 

na 

0.0604 

0.0019 

0.0113 

0.0483 

0.0022 

Disturbance 

O.IOII 

na 

Na 

na 

0.2463 

na 

Year * Coal Seam 

na 

0.1731 

0.0077 

0.0613 

0.1101 

0.0016 

Year * Disturbance 

na 

na 

0.2541 

na 

Na 

0.0723 

CoalSeam*Disturbance 

na 

na 

Na 

na 

0.2336 

na 

Year*CoalSeam*Disturbance 

na 

na 

Na 

0.3727 

0.2740 

na 


na: not applicable; signifies a term dropped from the model because excluding it 
decreased MSB. 
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Table 2. Mine name, the year the mine opened, disturbance category, coal seam mined 
and mine area affected, for each discharge point sampled in 1999-2QQQ. 


Discharge Point 

Mine Name 

Year 

Opened 

Category 

Coal 

Seam 

Mine Area 
(ha) 

Bull Run 1 

Kimberly 

1962 

Undisturbed 

UF 

21 

Bull Run 2 

Roxy Ann 

1957 

Undisturbed 

UF 

923 

Bull Run 3 

Roxy Ann 

1957 

Disturbed 

UF 

923 

Bull Run 4 

Sherrey 

1955 

Undisturbed 

UF 

282 

Cheat River 1 

Morgantown North E 


Undisturbed 

Pittsburgh 


Cheat River 2 

Morgantown North D 


Disturbed 

Pittsburgh 


Cheat River 3 

Frederick No. 1 Mine 


Disturbed 

Pittsburgh 


Cheat River 4 

Morgantown North A 


Undisturbed 

Pittsburgh 


Cheat River 5 

Canyon Mine 

1935 

Disturbed 

Pittsburgh 

448 

Cheat River 6 

Mountain Run 

1952 

Disturbed 

UF 

311 

Cheat River PAl 

Morgantown North B 


Disturbed 

Pittsburgh 


Cheat River PA2 

Morgantown North C 


Undisturbed 

Pittsburgh 


Fickey Run 1 

Valley Point C 


Undisturbed 

UF 


Fickey Run 8 

Tri State 

1952 

Disturbed 

UF 

78 

Glade Run 1 

Liston 

1955 

Disturbed 

UF 

26 

Glade Run 2 

Valley Point F 


Undisturbed 

UF 


Lake Lynn 1 

Hollow 

1943 

Undisturbed 

Pittsburgh 

34 

Lake Lynn 2 

Canyon Mine 

1935 

Disturbed 

Pittsburgh 

448 

Lake Lynn 3 

Canyon Mine 

1935 

Disturbed 

Pittsburgh 

448 

Martin Ck 2 

Me 

1955 

Disturbed 

UF 

11 

Martin Ck 3 

Me 

1955 

Disturbed 

UF 

11 

Middle River 1 

Mountain Run 

1952 

Disturbed 

UF 

311 

Muddy Ck 1 i 

Ruthbell #3 

1943 

Disturbed 

UF 

35 

Muddy Ck 2 

Cuzzart C 


Undisturbed 

UF 


Muddy Ck 3 

Shermike 


Disturbed 

UF 


Muddy Ck 6 

Cuzzart B 


Undisturbed 

UF 


Muddy Ck 8 

Cuzzart F 


Undisturbed 

UF 


Muddy Ck 9 

Tri State 

1952 

Disturbed 

UF 

78 
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Table 3. Mean water quality for the main effects of year and coal seam. 




Flow 

pH 

Acidity 

Iron Aluminum 

Sulfate 

Year 

1968 

L/min 

na 

s.u. 

3.1 

22.8 

mmol/L 

6.4 5.3 

30.4 


2000 

na 

4.0 

5.9 

1.1 1.4 

10.8 

Coal Seam 

Pittsburgh 

na 

Na 

21.7 

5.2 4.6 

29.8 


U. Freeport 

na 

Na 

10.3 

3.0 2.6 

15.5 


na; not applicable; signifies a term dropped from the model because excluding it 
decreased MSE. 
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I Q Pittsburgh 
j ■ U . Freeport 


1968 2000 


Year Sampled 



a Pittsburgh 
H U. Freeport 


Year Sampled 


Figure 1. Year*Coal Seam interactions for sulfate and acidity. There is a significant 
difference between the Pittsburgh and Upper Freeport coal seam in 1968 for both acidity 
and sulfate, but not in 2000. 
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Table 4: Water quality in 1968, 1980, and 2000 for six discharges. 

Discharge Year [iH Flow Acidity Iron Aluminum Sulfate 

s.u, L/min mmol/L 


Cheat River 5 

1968 

1980 

2000 

Fickey Run 8 

1968 

1980 

2000 

Lake Lynn 1 

1968 

1980 

2000 

Lake Lynn 2 

1968 

1980 

2000 

Lake Lynn 3 

1968 

1980 

2000 

Martin Ck 2 

1968 

1980 

2000 


2.6 

2.6 

19 

1825 

3.5 

38 

104 

3 

49 

1505 

2.3 

1 

625 

3.5 

4 

390 

2.8 

38 

1368 

2 

1 

605 

3.5 

6 

102 

3.2 

38 

4690 

2 

1 

3800 

2.8 

38 

434 

3.1 

480 

4988 

2 

1 

1930 

2.9 

6 

237 

2.7 

57 

2315 

2.4 

1 

545 

4.2 

38 

135 


458 

101 

2392 

25 


1100 

24 

11 

379 

288 

84 

1872 

120 


100 

17 

34 

996 

495 

100 

8861 

90 


1000 

4 

9 

240 

131 

302 

1105 

100 


960 

49 

33 

745 

477 

532 

2593 

350 


3690 

7 

33 

619 

640 

161 

990 

80 


1100 

10 

4 

587 


Table 5. Acid load contributions of major tributaries in the lower Cheat River watershed at 
different times. 


Tributary 

Area 

1980' 

Acid % 

1995^ 

Acid % 


Mi^ 

tons/yr 


tons/yr 


Pringle 

9.8 

2,463 

9.4 

1,254 

5.6 

Lick 

4.7 

3,833 

14.6 

5,173 

22.9 

Heather 

2.1 

1,054 

4.0 

863 

3.8 

Morgan 

8.9 

5,759 

21.9 

5,297 

23.5 

Greens 

11.7 

3,827 

14.5 

953 

4.2 

Muddy 

34.0 

7,428 

28.2 

8,068 

35.8 

Bull 

11.6 

1,934 

7.3 

948 

4.2 


'WVDNR 1980, -Titchenell and Skousen, 1996, 
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What is Selenium and Why is it a Concern? 

Selenium is a naturally occurring chemical element in coal that can be released during the 
mining process and find its way into nearby aquatic habitats. Selenium in raw coal and 
overburden is leached out when these materials are exposed to air and water, and the leachate can 
pose a significant environmental hazard (Lemly 1985a). Mountaintop removal mining tends to 
maximize hazard because selenium-laden waste rock is disposed as valley fill, which places this 
selenium source in close proximity to streams and other surface waters. Once in the aquatic 
environment, waterborne selenium can enter the food chain and reach levels that are toxic to fish 
and wildlife (Figure 1). Impacts may be rapid and severe, eliminating entire communities of fish 
and causing reproductive failure in aquatic birds (Lemly 1985b, Ohiendorf 1989). Few 
environmental contaminants have the potential to detrimentally impact aquatic resources on such 
a broad scale, and even fewer exhibit the complex aquatic cycling pathways and range of toxic 
effects that are characteristic of selenium. This places added importance on identifying potential 
selenium sources and taking steps to effectively control discharges before aquatic habitats 
become contaminated. In recent years there has been an escalation in selenium pollution 
episodes associated with coal mining in North America and elsewhere (Lemly 2004), which has 
resulted in major environmental damage (Lemly 2008). Flowever, because of the sheer volume 
of seleniferous material exposed, in combination with the practice of valley-fill waste disposal, 
mountaintop removal mining is most dangerous from an environmental risk perspective. 


MAJOR ECOLOGICAL RISKS FROM COAL MINING 



Figure 1. Pathways for selenium movement from coal mine wastes, bioaccumulation in food 
chains, and dietary exposure of fish and wildlife populations. 


2 



265 


Why is Selenium Such a Toxic Hazard? 

The most important principle to understand when evaluating the hazard of selenium from 
mountaintop removal coal mining is its ability to bioaccumulate. This means that a low 
concentration of selenium in water has the potential to increase by several orders of magnitude by 
the time it reaches fish and wildlife. For example, a water concentration of 1 0 ug/L (micrograms 
per liter or parts-per-billion) can increase to over 5,000 times that amount in fish tissues. 
Bioaccumulation causes otherwise harmless concentrations of selenium to reach toxic levels. 
Although fish do take up some selenium directly from water, most of it comes from their diet. 
Therefore, in order to protect fish from selenium poisoning it is essential to keep waterborne 
selenium below levels that cause biaccumulation in the food chain (Lemly and Smith 1987). 
Another important principle is that selenium can cycle in aquatic habitats by moving in and out 
of sediments. A large portion of the total selenium in a stream or reservoir may be present in 
sediments, deposited directly from water or from plants and animals as they die and decompose. 
However, this pool of selenium is not permanently removed from the system. Biological activity, 
water chemistry changes, and physical disturbance can mobilize selenium back into water and 
organisms. This means that the selenium in sediments remains active, and provides a significant 
source of pollution to bottom-dwelling invertebrates and the fish that feed on them. Case studies 
show that selenium in sediments can recycle into the water and food chain for decades after 
selenium inputs are stopped (Lemly 1997). 

What Are The Toxic Effects and Toxic Concentrations? 

Selenium exerts two main types of effects on fish: (1) direct toxicity to juveniles and 
adults, and (2) reproductive impacts from selenium that is passed from parents to offspring in 
eggs. Both of these modes of toxicity can occur at the same time so the threat from selenium 
poisoning is multifaceted. Type 1 toxicity can begin to occur if concentrations in the food chain 
reach 3 ug/g dw (micrograms per gram or parts-per-million, dry weight) and whole-body residues 
in fish reach 4 ug/g dw (Cleveland et al. 1993, Lemly 1993a. Hamilton 2003). This form of 
selenium poisoning involves changes in physiology that cause damage to gills and internal 
organs, ultimately resulting in death of the fish (Sorensen 1986). There may be no outwardly 
visible symptoms in this type of selenium toxicity or, if selenium concentrations are high enough, 
some fish may appear swollen from accumulation of fluid (edema) or have cloudy lenses 
(cataracts) in their eyes (Lemly 2002a). Type 2 effects occur when selenium present in egg yolk 
is absorbed by the developing embryo. A variety of developmental abnormalities can result in 
newly hatched larval fish, such as teratogenic deformities of the spine, head, and fins (Lemly 
1993b, see Figure 2). Other toxic symptoms include hemorrhaging and swelling or edema 
(Gillespie and Baumann 1986, Hermanutz et al. 1993, see Figure 2). Most of these effects are 
lethal because they either kill young fish just after hatching or, in the case of some teratogenic 
deformities, prevent them from feeding normally and escaping predators as they grow (see 
Figures 3-4). Type 2 effects (reproductive failure) begin to occur at egg selenium concentrations 
of about 9 ug/g dw, which is equivalent to about 16 ug/g dw w'hole body in the parent (Coyle et 
al. 1993, Hermanutz et al. 1993). Adult fish may be unaffected by selenium concentrations that 
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impair their ability to reproduce so the impact of selenium on a fish population must be assessed 
by something more than routine monitoring surveys, that is, simply finding fish does not indicate 
the absence of selenium toxicity (Lemly 2002b). Waterborne concentrations of selenium in the 
1-5 ug/L range can bioaccumulate and begin the Type 1 and/or Type 2 effects. The exact number 
is site-specific, and depends on the kind of aquatie system (stream, river, reservoir, wetland, etc.), 
its biological productivity, and the chemical form of selenium present in the water. Case studies 
show that if waterborne selenium reaches 10 ug/L, complete reproductive failure can occur in 
reservoirs, and reproduction may be reduced by 40% in streams (Cumbie and Van Horn 1978, 
Lemly 1985b, Gillespie and Baumann 1986, Hermanutz et al. 1993). 



Figure 2. Typical appearance of larval fish al about 2-4 days after hatching. (A) Normal larvae 
with yolk absorption nearing completion and straight, developing spine, (B) Abnormal 
development due to selenium-induced terata: (1) deformed, pointed head; (2) deformed, 
gaping lower jaw; (3) kyphosis (curvature of the thoracic region of the spine); (4) lordosis 
(concave curvature of the lumbar and/or caudal region of the spine). Other symptoms of 
selenium poisoning that usually accompany terata include (5) edema (swollen, fluid-filled 
abdomen) and delayed yolk absorption. 
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Figure 3. One of the most common and outwardly visible teratogenic effects of selenium in fish 
is deformity of the spine. Shown here are examples of dorso-ventral abnormalities 
(kyphosis and lordosis). 
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Figure 4. Lateral curvature of the spine (scoliosis) caused by exposure to elevated selenium. 
Individual on right is normal. 
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What Do We Know About Selenium Releases From Mountaintop Mining and Their Impacts? 

In 2005 the US Environmental Protection Agency, in conjunction with the US Army 
Corps of Engineers, the US Department of the Interior's Office of Surface Mining and Fish & 
Wildlife Service, and the West Virginia Department of Environmental Protection, completed an 
environmental impact statement (EIS) on the impacts of mountaintop mining and valley fills 
(USEPA 2005). Over 1200 stream segments were examined. The EIS confirmed what biologists 
and ecotoxicologists in academia and other federal agencies had long suspected - mountaintop 
mining causes significant harm to aquatic habitats and the variety of life they support. A key 
finding was that the valley fills used for waste disposal are a primary source of selenium 
contamination. Given the size and placement of these fills, selenium leaching and associated 
pollution of downstream aquatic habitats, left untreated, will continue in perpetuity. Moreover, 
among all the environmental issues noted in the report’s summary, selenium was the only trace 
element named as a specific threat - ’’Selenium levels may increase and negatively impact fish 
and macroinvertebrates leading to less diverse and more pollutant-tolerant species,” The EPA 
clearly, and correctly, recognized selenium as a substantial ecological risk. 

In the interim since EPA completed its EIS, much additional first-hand knowledge of the 
selenium risk has come to light due to actual case examples of pollution events. We now know 
that selenium concentrations in leachate from valley fills and other coal mining wastewater can 
far exceed the toxic thresholds for fish when hioaccumulation is factored in. For example, 
effluent from a mountaintop removal operation in West Virginia was found to contain as much as 
82 ug/L selenium - an amount that is over fifteen times the threshold for toxic hioaccumulation 
(see Figure 5, Lemly 2008). This waterborne concentration was sufficient to pollute the Mud 
River and a downstream reservoir, substantially elevate selenium levels in fish tissues, and cause 
teratogenic deformities and other toxic effects in their offspring (see Figures 6-11). If waterborne 
selenium concentrations are not reduced, reproductive toxicity will spiral out of control and fish 
populations will collapse. The warning signs are evident. If a catastrophic event is to be 
avoided, actions must be taken now. Because of selenium’s persistence in the environment, 
coupled with its ability to cycle from sediments back into the food chain, negative impacts on the 
fish community of the Mud River system are likely to continue for many years even if additional 
inputs from the mining waste were curtailed immediately. History has taught us a very important 
lesson: once an aquatic habitat is polluted by selenium, timely cleanup is difficult if not 
impossible. 

Data from other watersheds that are undergoing mountaintop removal mining paint a 
grim picture for aquatic life. Monitoring reports reveal that selenium releases are widespread and 
alarmingly high. For example, documents obtained through FOIA (Freedom of Information Act) 
requests show that waterborne selenium concentrations in discharges can average over 60 ug/L 
(over ten times the threshold for toxic bioaccumulation) and 25 ug/L in downstream habitats 
(Figure 12, ACEE 2009), These selenium levels constitute a persistent toxic hazard to aquatic 
resources. The weight of evidence is substantial and indisputable. EPA’s in-house evaluation, 
independent academic research, and private sector investigations all support the same conclusion: 
selenium pollution from mountaintop removal coal mining poses an imminent threat to aquatic 
life in central Appalachia. 


7 



270 


Se 

ppb 


Selenium Levels in Water 



Coal Mine f 
Discharge 


Mud River 


Upper Mud River 
Reservoir 


Fish Population Collapse in Reservoirs 


6 


w 

sv 


'mVm 

mVm 


w 

Avg. 

V." 

%■■■ 

4 

mVm 


■-V 

%%■ 

■-■LA 



Reproductive 
Failure in Fish 


Bioaccumulation 
& Toxicity in Fish 


n = 425 425 

2006 2007 


n-36 3 

2006 2007 


Figure 5. Selenium in discharge from a mountaintop removal coal mining operation in West 
Virginia polluted downstream receiving waters to levels that far exceed toxic thresholds for fish 
(Lemly 2008), The maximum in discharges (82 ug/L) is over fifteen times the threshold for toxic 
bioaccumuiation. 
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Figure 6. The Mud River, West Virginia was polluted with selenium released from a 
mountaintop removal coal mining operation. Bioaccumulation in the food chain caused selenium 
levels to exceed toxic thresholds for reproduction and survival in fish. 
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Figure 7. Selenium released from a mountaintop coal mining operation in West Virginia 
bioaccumulated in Upper Mud River Reservoir to levels that far exceed toxic thresholds for fish. 
These selenium levels indicate that the fishery of this reservoir could soon collapse due to 
reproductive failure. 
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Figure 8. Side view of normal fish larva from Upper Mud River Reservoir, West Virginia, June 
2007. Note normal eye development, straight spine, and complete yolk absorption with 
no evidence of edema or a swollen, deformed yolk sac. 
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Figure 9. Side view of abnormal fish larva from Upper Mud River Reservoir, West Virginia, 
June 2007. Note the distended, fluid-filled yolk sac (edema) with delayed yolk absorption. This 
individual also has dorso-ventral curvature of the spine (kyphosis) and deformed pectoral fins 
and eyes (both eyes are on the same side of the head). All of these abnormalities are 
characteristic biomarkers of selenium poisoning, and will kill this fish before it has a chance to 
fully develop. 
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Figure 1 0. Dorsal view of normal fish larva from Upper Mud River Reservoir, West Virginia, 
June 2007. Note well developed pectoral fins and straight spine. 
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Figure U. Dorsal view of abnormal fish larva from Upper Mud River Reservoir, West Virginia, 
June 2007. Note deformed spine in “S” shape, typical of scoliosis due to selenium poisoning. 
This fish will die because it cannot swim or feed normally. 
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Figure 12. Waterborne selenium in discharges from Jacks Branch Coal, West Virginia, 2005- 
2008 (ACEE 2009), The discharges contained concentrations up to thirteen times the amount 
that can bioaccumulate and cause reproductive failure in fish. This mountaintop removal mining 
operation polluted downstream aquatic habitats to levels that can cause fish populations to 
collapse. 
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CONVERSION FACTORS, DATUMS, WATER-QUALITY ABBREVIATIONS, 
AND ACRONYMS 


CONVERSION FACTORS 


Multiply 

By 

To obtain 

acre 

0.00404686 

square kilometer 

cubic feet per second(ft^/s) 

0.02832 

cubic meter per second 

foot (fl) 

0.3048 

meter 

foot per mile (ft/mi) 

0.1894 

meter per kilometer 

inch (in.) 

25.4 

millimeter 


Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F), and conversely, 
by the following equations: 

“F = (i.8)®C + 32 X = (°F-32)/1.8 


Water year is calculated from October of calendar year one through September of calendar year two. 


DATUMS 

In this report, vertical coordinate information is referenced to the North American Vertical Datum of 
1988 (NAVD 88), and horizontal coordinate information is referenced to the North American Datum 
of 1983 (NAD 83). Historical data collected and stored as National Geodetic Vertical Datum of 1929 
have been converted to North American Vertical Datum of 1 988 (NAVD 88) for this publication. 


WATER-QUALITY ABBREVIATIONS 

Specific conductance of water is expressed in microsiemens per centimeter at 25'’C ().iS/cm). This 
unit is equivalent to micromhos per centimeter at 25*0 (pmho/cm), formerly used by the U. S. 
Geological Survey. 
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Flow Origin, Drainage Area, and Hydrologic 
Characteristics for Headwater Streams in the 
Mountaintop Coal-Mining Region of Southern 
West Virginia, 2000-01 


By Katherine S. Paybins 

Abstract 

Characteristics of perennial and intermittent 
headwater streams were documented in the moun- 
taintop removal coal-mining region of southern 
West Virginia in 2000-01. The perennial-flow 
origin points were identified in autumn during low 
base-flow conditions. The intermittent-flow origin 
points were identified in late winter and early 
spring during high base-flow conditions. 

Results of this investigation indicate that the 
median drainage area upstream of the origin of 
intermittent flow was 14.5 acres, and varied by an 
absolute median of 3.4 acres between the late 
winter measurements of 2000 and early spring 
measurements of 2001. Median drainage area in 
the northeastern part of the study unit was gener- 
ally larger (20.4 acres), with a lower median basin 
slope (322 feet per mile) than the southwestern 
part of the study unit (12.9 acres and 465 feet per 
mile, respectively). Both of the seasons preceding 
the annual intermittent flow visits were much drier 
than normal. The West Virginia Department of 
Environmental Protection reports that the median 
size of permitted valley fills in southern West Vir- 
ginia is 12.0 aeres, whieh is eomparable to the 
median drainage area upstream of the ephemeral- 
intermittent flow point (14.5 acres). The maximum 
size of permitted fills (480 acres), however, is 
more than 10 times the observed maximum drain- 


age area upstream of the ephemeral-intermittent 
flow point (45.3 acres), although a single valley 
fill may cover more than one drainage area. 

The median drainage area upstream of the 
origin of perennial flow was 40.8 acres, and varied 
by an absolute median of ! 8.0 acres between two 
annual autumn measurements. Only basins under- 
lain with mostly sandstone bedrock produced 
perennial flow. Perennial points in the northeast 
part of the study unit had a larger median drainage 
area (70.0 acres) and a smaller median basin slope 
(416 feet per mile) than perennial points in the 
southwest part of the study unit (35.5 acres and 
567 feet per mile, respectively). Some streams 
were totally dry for one or both of the annual 
October visits. Both of the seasons preceding the 
October visits had near normal to higher than 
normal precipitation. These dry streams were adja- 
cent to perennial streams draining similarly sized 
areas, suggesting that local conditions at a first- 
order-stream scale determine whether or not there 
will be perennial flow. 

Headwater-flow rates varied little from year 
to year, but there was some variation between late 
winter and early spring and autumn. Flow rates at 
intermittent points of flow origin ranged from 
0.00! to 0.032 cubic feet per second, with a 
median of 0.01 7 cubic feet per second. Flow rates 
at perennial points of flow origin ranged from 
0.00 1 to 0. 1 4 cubic feet per second, with a median 
of 0.003 cubic feet per second. 
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INTRODUCTION 

The surface mining of coal by means of moun- 
taintop removal results in excess rock material (spoil), 
some of which is placed in headwater valleys adjacent 
to the mined area. The Code of Federal Regulations, 
crafted by the U.S. Office of Surface Mining and 
Reclamation (OSM), describes conditions for the 
placement of excess spoil in headwater valleys (valley 
fills) (Legal Information Institute, 2002a, 2002b)- The 
1999 and 2002 U.S. District court rulings interpret Sur- 
face Mining Control and Reclamation Act (SMCRA) 
and Clean Water Act regulations to allow the place- 
ment of valley fill material only in ephemeral streams 
and not within 100 feet of intermittent and perennial 
streams, unless the post-mining land use is designated 
as development (U.S. District Court for the Southern 
District of West Virginia, 1999). Coal-mining interests 
and some government leaders are concerned that if this 
rule is enforced, mountaintop-removal mining will 
cease to be feasible in West Virginia. 

Five Federal and State agencies began 
cooperation on a Mountaintop Removal Coal Mining 
Environmental Impact Statement (MTRM EIS) in 1999 
as a voluntary response to the court challenge dealing 
with SMCRA and the Clean Water Act mountaintop- 
removal enforcement issues. 

Part of the MTRM EIS will assess the environ- 
mental effects on waters of the United Slates and on 
biota (U.S. Environmental Protection Agency, 1999). 

In support of this objective, the U.S. Geological Survey 
(USGS), in cooperation with OSM and the U.S. Envi- 
ronmental Protection Agency (EPA), reported the point 
of flow origins for perennial and intermittent headwater 
streams in the coal-mining region of southern West Vir- 
ginia, and studied their hydrologic and drainage-area 
characteristics. 


Purpose and Scope 

This report describes the hydrologic and drain- 
age area characteristics of intemiittent and perennial 
headwater streams in southern West Virginia that were 
not affected by mining. The streams were examined in 
late winter or early spring (February through April), 
when the water table is at its highest elevation, and in 
autumn (October), when the water table is at its lowest 


elevation. The origin of continuous base How was iden- 
tified in 36 unmined headwater streams in southern 
West Virginia in February-April and October of both 
2000 and 2001. Methods were developed to identify the 
origin of continuous base flow in hydrologic terms, and 
drainage-area characteristics were determined, includ- 
ing variations in drainage-area sizes upstream of flow- 
origin points over time. A better understanding of the 
relations between ephemeral, intermittent, and peren- 
nial headwater streams and their drainage-area charac- 
teristics will help regulators make sound decisions on 
valley-fill pennits in West Virginia and adjacent states 
with similar issues. 


Description of Study Area 

Fifteen percent of the Nation’s coal produced in 
2000 was mined in West Virginia, and West Virginia 
leads the United States in coal exports (West Virginia 
Office of Miners' Health, Safety and Training, 2000), 
Coal is mined by means of both underground and 
surface methods. In recent years, it has become both 
economically and technologically possible to remove 
entirely multiple, thin layers of coal near the tops of the 
mountains. This type of mining is called mountaintop- 
removal mining. Large-scale mountaintop-removal 
mines generate excess fragmented rock material in the 
mining process that cannot be replaced at the top of the 
mountain once the coal is removed. This excess spoil is 
placed in valleys adjacent to the surface mines. West 
Virginia has approximately 1,700 valley fills ranging in 
size from less than 1 acre to 480 acres and with a 
median size of 12.0 acres (West Virginia Department of 
Environmental Protection, 2002). The streams in the 
study described here are within the region of mountain- 
top-removal mining, but had not yet been filled at the 
start of this work. 

The 36 first-order stream sites are grouped 
within five study areas in the Appalachian Plateaus 
Physiographic Province in southern West Virginia 
(fig. 1), which is characterized by mountainous terrain 
(Fenneman, 1938; Fenneman and Johnson, 1946). 

The streams of the Appalachian Plateaus have eroded 
sedimentary rocks into steeply sloping hills and nanow 
valleys. A thin layer of regolith commonly overlies 
inlerbedded sandstone, conglomerate, siltstone, 
shale, coal, limestone, and dolomite rocks, all of which 
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Figure 1. Locations of the study-area groups of sampling sites in the headwater streams of the mountaintop coal- mining 
region of southern West Virginia, 2000-01. 
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dip gently to the northwest across the region. Resistant 
bedrock exposed at the highest elevations (headwater 
regions) is most commonly sandstone or shale, but 
the thickness of this cap-rock layer is variable 
(Fenneman, 1938; Fenneman and Johnson, 1946; and 
U.S. Geological Survey, 1970). Most ground water 
flows along the valley walls through a series of 
fractures composed of joints, faults, and bedding 
planes, and in slump fractures (Wyrick and Borchere, 
1981). 

The climate of West Virginia is continental, with 
four distinct seasons and a large temperature variation 
between summer and winter (U.S. Department of Com- 
merce, 1960; Messinger and Hughes, 2000), Mean 
monthly summer temperatures are about 65-75°F, 
while mean monthly winter temperatures are about 
25-40 “F; these temperatures depend on elevation. 
Prevailing winds move generally from west to east. 

Due to local orographic uplift, the heaviest precipita- 
tion falls on the windward (southwest and w'estem) 
sides of mountains, which have rain shadows on their 
leeward (northeast and eastern) sides. Throughout the 
warmer months, the region is affected by northeast- 
moving, moisture-laden maritime tropical air that 


produces spatially discrete showers and thunderstonn 
cells (U.S. Department of Commerce, 1960). In the 
colder part of the year, large low-pressure storms 
deliver precipitation over broader regions, but less total 
precipitation than warm-weather storms. 

In general, the 2000 water year was drier than 
average, and the 2001 water year was an average year 
for precipitation and ground-water levels (Ward and 
others, 2001, 2002) (fig. 2). The October-March peri- 
ods in both 2000 and 200 1 were much drier than the 
30-year average at ail examined precipitation stations 
in southwestern West Virginia (U.S. Department of 
Commerce, 2000, 2001, and 2002a) (table 1). Precipi- 
tation at various stations in the period (April-Septem- 
ber) preceding the October 2000 field work range from 
about 4 to i 1 in. above normal. In the period preceding 
the October 2001 field work, precipitation was below 
normal at Dunlow and Madison (3.9 in. and 2.1 1 in., 
respectively), and 0.2-5. 8 in. above normal at the other 
stations. In the northeast part of the study area, average 
annual precipitation is 1 .8 in. greater than in the south- 
west part of the study area. 


Table 1 . Precipitation data for iong-term National Oceanic and Atmospheric Administration monitoring sites within and adjacent 
to headwater streams in the mountaintop coal-mining region of southern West Virginia, 2000-01 


[Group of sites closest to precipitation station: Sec figure I for site locations and names. Normal monthly precipitation: Totals calculated from U.S. 
Department of Commerce data from 197 1 -2000; precipitation data are in inches] 


Precipitation 

station 

Group of sites 
closest to 
precipitation 
station 

October 
1999 
through 
March 2000 

April 2000 
through 
September 
2000 

October 

2000 

through 

March 

2001 

April 2001 
through 
September 
2001 

Normal monthly 
precipitation 

October- April- 

March September 

Normal 

annual 

precipitation 

Dunlow t SW 

LB,WF 

10.06 

29.69 

'4.83 

20.96 

20.86 

24.85 

45.71 

Hamlin 

HC. LB. WF 

19.56 

27.95 

'8.96 

24.47 

20.14 

24,26 

44.40 

London Locks 

FF 

15.85 

36.30 

12.38 

29.19 

19.76 

25.50 

45.26 

Madison 3 NNW 

HC 

12.55 

31.76 

'10.18 

‘25.00 

20.73 

27.11 

47.84 
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Table 1 . Precipitation data for long-term National Oceanic and Atmospheric Administration monitoring sites within and adjacent 
to headwater streams in the mountaintop coal-mining region of southern West Virginia, 2000-01 


[Group of sites closest to precipitation station; See figure I for site locations and nunes. iNorma! monthly precipitation: Totals calculated from U.S. 
Department of Commerce data from 1971-2000; precipitation data are in inches] 


Precipitation 

Group of sites 
closest to 

October 

1999 

April 2000 
through 

October 

2000 

through 

March 

2001 

April 2001 
through 

Normal monthly 
precipitation 

Normal 

annual 

precipitation 

station 

precipitation 

station 

through 
March 2000 

September 

2000 

September 

2001 

October- 

March 

April- 

September 

Oak Hill 


li.95 

12.94 

33.86 

36.93 

11.25 

12.10 

30.69 

32.6 1 

20.62 

20.65 

25.59 

26.83 

46.21 

47.48 

Siimmersville Lake ... 

RN 


’One to nine days of precipitation data are missing fm at iea« one month during the given time interval. 
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Definitions of Perennial, intermittent, and 
Ephemeral Streams 

Water in the environment is available in the air, 
in precipitation, in the ground, and on the land surface. 
The interface where the ground-water table intersects 
the land surface and becomes streamflow in a headwa- 
ter channel is the point of flow origin. Streamflow 
derived from ground water alone is called base flow. 
Overland and near-surface flow contributing to stream- 
flow are called surface and subsurface storm runoff 
(Black, 1991). When a stream receives base flow year- 
round, it is considered to be a perennial stream (fig. 3). 
Inteimittent flow indicates a seasonal lowering of the 
water table during the summer and early autumn, as 
base-flow contributions to the channel cease, if a chan- 
nel does not intersect the water table at any time of 
year, it is considered to be an ephemeral channel. 

Given the natural hydrologic cycle, three basic 
types of definitions for perennial, intermittent, and 
ephemeral streamflow exist. Descriptive definitions are 
often obtained from cartographers, whose maps are 
used frequently in a legal and regulatory environment. 
Hydrologic definitions are based on observations and 
measurements of hydrologic phenomena, such as the 
relations between stormwater flow and ground water, 
and have recently been relied on more often in regula- 
tions. Biologic definitions combine the existence or 
absence of indicator species of benthic invertebrates 
with hydrologic phenomena. 

Much research has focused on the stream-type, 
blue-line symbol on USGS maps at the 1:24,000 scale, 
in spite of the fact that the line symbol on these maps is 
not based on hydrologic criteria (Leopold, 1994). Even 
so, many state and local laws specifically state that this 
map series should be used when making any regulatory 
decisions. Specific topographic instructions to past 
USGS cartographers (U.S. Geological Survey, 1980) 
state that: 

1. “...all perennial streams are published regardless of 

length.” 

2. “All intermittent streams are published that are 

longer than 2,000 feet” and 

3. “In general, headwater drainage shown on the 

published map should terminate no higher than 
about 1 ,000 feet from the divide, or at the upper 
confluence of streams, whichever appears most 
appropriate.” 



-- - -- EPHEMERAL-FLOW REACH 

INTERMITTENT-FLOW REACH 

PERENNIAL-FLOW REACH 

— • • » DRAINAGE-BASIN BOUNDARY 

Figure 3. Ephemeral-, intermittent-, and perenniat-flow 
patterns typical for the mountaintop coal-mining region of 
southern West Virginia. 

These instructions indicate that headwater limits 
of blue lines on maps do not reflect actual field condi- 
tions. Generally, a far larger number of actual channels 
can be identified on the ground than are visible on a 
published map (Leopold, 1994). For instance, the topo- 
graphic maps used in this study showed that only 12 of 
the headwater drainage areas had intermittent streams; 
but in this study, 36 headwater drainage areas were 
identified that had intermittent or perennial streams. 
Twelve of those 36 streams had inteimittent flow, but 
no perennial flow in 2000 or 2001. 

Hydrologic definitions of perennial, intermittent, 
or ephemeral streamflow in the eastern U.S. are based 
on the relations between stormwater and ground water, 
the timing and duration of continuous base flow, drain- 
age area, channel characteristics, and presence or 
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absence of substrate bedforms indicative of flowing 
waters (Hewlett, 1982; Stefania Shamet, U.S. Environ* 
mental Protection Agency, Region 3, written commun., 
1999). A basic hydrologic definition, and the one used 
in this study, is modified from Langbein and Iseri 
(1960). A perennial stream is one that flows continu- 
ously, and thus has flow from both ground-water dis- 
charge and surface runoff. An intermittent stream flows 
only at certain times in the year, when it receives both 
ground-water discharge and storm runoff. Ephemeral 
streams flow only in direct response to surface runoff 
of precipitation or melting snow, and their channels are 
at all times above the water table. The West Virginia 
Department of Environmental Protection (WVDEP), 
Water Quality Standard CSR 46-1-1-2.9, defines inter- 
mittent streams as “streams which have no flow during 
sustained periods of no precipitation, and which do not 
support aquatic life whose life history requires resi- 
dence in flowing water for a continuous period of at 
least 6 months”. OSM regulations define an intermit- 
tent stream as a “stream or part of a stream that flows 
continuously for at least 1 month of the calendar year 
as a result of ground-water discharge or surface runoff; 
tlie term does not include a stream that flows for less 
than one month of a calendar year, and then only in 
direct response to precipitation in the immediate drain- 
age area and whose channel bottom is always above the 
local water table.” (Legal Information Institute, 2002a). 
Pennsylvania regulation 25 Pa. Code if) 87.1 includes a 
reference to channel substrate indicative of flowing 
water, or lack thereof, to further differentiate ephemeral 
from intermittent streams (Stefania Shamet, U.S. Envi- 
ronmental Protection Agency, Region 3, written com- 
mun., 1999). 

Biologic interpretations of perennial, intermit- 
tent, and ephemeral streams are changing with 
increasing knowledge of benthic invertebrates and 
water-obligate fauna in headwater environments. Some 
taxa that are now known to be present in intermittent 
streams are currently used as indicators of continuous 
(perennial) flow (M.E. Passmore, U.S. Environmental 
Protection Agency, Region 3, written commun., 2002). 
A growing body of literature indicates that intermittent 
flows can support a diverse and abundant invertebrate 
and salamander assemblage (Feminella, 1996; Will- 
iams, 1996; Dietrich and Anderson, 2000; M.E. 
Passmore, written commun., 2002). 
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STUDY DESIGN AND DATA COLLECTION 

A multi-agency group, including the WVDEP, 
USGS, and OSM, selected 43 headwater streams for 
investigation from mountaintop-removal-mine permit 
maps. At each of these first-order streams, permits 
for filling with excess mining spoil were either pending 
or approved. Although 1 2 of the 43 drainage areas were 
shown on USGS 1:24, 000-scale topographic maps 
as Including intermittent streams, field inspections 
during this study showed that 36 of these drainage 
areas included intermittent or perennial streams. The 
36 of 43 headwater streams evaluated for this study 
are in unmined drainage areas in Boone, Fayette, 
Lincoln, and Nicholas Counties, in the heart of the 
surface coal-mining region of southern West Virginia 
(fig. 1). Surface-mining activities precluded further 
visits to some basins. Some sites were not visited 
due to clearing of most vegetation in preparation for 
filling. Clearcutting significantly alters the hydrologic 
regime of a watershed by decreasing evapotranspiration 
and increasing surface and subsurface runoff (Helvey 
and Palric, 1965; Black, 1991; Fitzpatrick and others, 
1998). 

Each of the headwater streams was visited in 
February 2000, October 2000, March-April 2001, and 
October 2001 in order to identify the point of origin of 
continuous surface flow. Multi-agency teams made the 
Febniiuy 2000 visit, while a USGS team made the next 
three visits. The point where base flow begins in the 
late winter or early spring corresponds to the highest 
water-table elevation, and is the point of intermittent- 
flow origin, or the boundary between ephemeral and 
intermittent flow (called the intermittent point). The 
point where base flow begins in the late summer and 
early autumn corresponds to the lowest water-table 
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elevation, and is the point of perennial flow origin, or 
the boundary between intermittent and perennial flow 
(called the perennial point). 

The field work done in February-Aprii was 
timed to coincide with the wettest part of the year, with 
little evapotranspiration before leaf-out begins, and a 
ground-water table normally at its highest annual ele- 
vation in the region (fig. 2). The February-April field 
work thus documented the point of origin of continu- 
ous intermittent base flow (intermittent point) under 
conditions of no rainfall and subsequent storm runoff. 
Many streams throughout West Virginia have minimum 
base flows in late summer through early autumn, and 
maximum base flows in late winter or early spring 
(Ward and others, 2002). Different teams with different 
equipment visited each group of sites (FF, HC> LB, RN, 
WF) in February 2000. The accuracy of some of the 
global-positioning-systems (GPS receivers) varied 
between each group, and a few intermittent-point des- 
ignations were mapped approximately for some sites, 
which may have introduced an immeasurable error for 
a few intermittent points. Project-planning complica- 
tions delayed the 2001 site visits, and some understory 
plants were already leafed out during the April visits. 
The evapotranspiration from these plants probably had 
some effect on the measured variables. 

October field work was timed before leaf-off to 
coincide with the dry conditions and the lowest water- 
table elevations generally observed in early autumn in 
the region (fig. 2). October field work thus documented 
the point of origin of continuous perennial base flow 
(perennial point), under conditions of no rainfall and 
subsequent storm runoff. There was no base flow in 20 
headwater streams in October of either 2000 or 2001, 
and 12 streams contained no perennial flow in either 
2000 or 2001 (table 2). 

For each site, the field crew walked the full 
length of the stream channel to determine the location 
of the upstream limit of continuous surface flow. The 
geographic coordinates of the point or zone where 
streamflow was observed to be continuous in the chan- 
nel and no flow was upstream were identified with a 
Precision Lightweight GPS Receiver (PLGR). The 
error in horizontal location for the PLGR system is 13 
ft. If the GPS could not acquire a location for the 
upstream flow limit, a Bushnell rangefinder, with an 
error of 3 ft, was used to estimate the distance from a 
point where a GPS reading was acquired. 


All visits included measurements of streamflow, 
water temperature, and specific conductance, except 
for the February 2000 visits (they were not included in 
the original study design). Streamflow was measured 
within 15 ft downstream of the flow origin point with 
one of three methods. A pygmy meter was used to mea- 
sure flow velocity across a defined channel width when 
the channel was wide and deep enough for the meter. 
Floatable material was timed over a set distance to 
measure velocity when the channel was not deep 
enough to use the pygmy meter. The flow at a few sites 
was measured by timing the filling of a bucket of 
known volume. Water temperature was measured to 
help determine whether or not surface water contrib- 
uted in a major way to the flow. (Surface-water temper- 
ature is generally higher than ground-water 
temperature in summer and lower in winter.) For 
autumn visits, when warmer water temperatures indi- 
cated possible upstream flow through channel sand or 
gravel deposits, the point of flow origin was reevalu- 
ated by hiking upstream to verify that no surface flow 
existed. Specific conductance was measured as a possi- 
ble indicator of mine-water discharge, which generally 
has higher specific conductance than natural ground 
water. Conductance values measured in the field dif- 
fered widely, however, despite the absence of coal 
mining upstream of the study sites. 

To avoid the effects of stormwater runoff, 
streams were evaluated only if precipitation exceeding 
0. 1 in. was not recorded for at least I day prior to the 
visit (table 2). A continuous streamflow-gaging station 
(03204210) was operated during this study on a small, 
unmined headwater-stream site on Spring Branch near 
Mud, WV. The record from that station indicates that in 
both the spring and autumn of 2000, stonnwater flow 
in a headwater basin (0.53 mi^) generally passed the 
stream-gaging station within 24 hours of a precipitation 
event of less than 0.6 in, (fig, 4). 

The drainage areas for the headwater-stream 
sites were assumed to be forested and previously undis- 
turbed by deep or surface coal-mining activity. Because 
it was later discovered that surface mining likely had 
affected 7 of the original 43 headwater streams, they 
are not included in the following analysis of 36 sites 
(table 2). Six of the streams in McDowell County were 
accessible from a bench of a 1 970s contour mine. 

The origin of flow for all six streams for all visits was 
at or near the base of the rubble pile downgradient from 
the mine bench. One Nicholas County headwater 
stream was dry during all visits, and there was no 
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Figure 4. Streamfiow and precipitation for the streamflow-gaging station (03204210) on a small stream near Mud, 
in the mountaintop coat-mining region of southern West Virginia during (^) a spring 2000 precipitation event, and 
(S) an autumn 2000 precipitation event. 
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apparent channel to the receiving stream at the mouth 
of the drainage area at an elevation of approximately 
900 ft above sea level. A deep mine that dewaters some 
streams between approximately 900 and 1,200 ft above 
sea level, however, is suspected to be the cause of a 
lack of flow in that stream for most visits. 

All collected data were put into spreadsheets, 
and ail the intermittent- and perennial-point GPS 
locations were mapped digitally with ArcGIS 8.1 
software. The coordinates of points were verified by 
comparison to digital orthophoto quarter-quadrangle 
maps and digital raster graphics (DRGs). Most GPS 
locations obtained in the field were accurate with 
respect to these datasets. Drainage areas of intermittent 
and perennial points were digitized at the 1:24,000 
scale by use of the National Elevation Dataset (NED), 
which has a 30-meter horizontal accuracy (U.S. Geo- 
logical Survey, 1999). Characteristics such as drainage 
area, elevation of origin point, mean drainage-area 
slope, aspect directions, and areal percentage of the 
dominant rock type were calculated for the drainage- 
area coverages on the basis of NED data, DRGs, and 
the digital geologic map of West Virginia (West Vir- 
ginia Department of Environmental Protection, 1998). 
Mean drainage-area slope was calculated on the basis 
of the contour-band method of calculation (Horton, 
1932; Hash, 1994); drainage-area slope can affect infil- 
tration, surface runoff, soil moisture, and, possibly 
ground-water discharge to streams (Hash, 1994). A cor- 
relation analysis was used to assess the influence of the 
measured characteristics on intermittent- or perennial- 
point drainage area. 

CHARACTERISTICS OF HEADWATER 
STREAMS 

In the coal-mining region of southern West Vir- 
ginia, intermittent points were identified for streams in 
35 of36 drainage areas, and perennial points were 
identified for streams in 20 of 36 drainage areas (fig. 1, 
table 2). There was no flow in 20 of the drainage areas 
included in this study in at least one spring or autumn 
site visit. Additionally, 23 intennittent points and 
1 1 perennial points were visited 2 years in a row in 
order to give an indication of temporal variability of the 
origin of flow in response to climatic conditions. 


Drainage Areas with Intermittent Flow 

The highest elevation of the water table and the 
beginning of intermittent base flow (intennittent point) 
was identified for 35 headwater streams in February 
2000 and March-April 2001 (table 2). For 27 sites vis- 
ited in February 2000, the median drainage area was 
15.9 acres; and for 3 1 sites visited in March or April 
2001, the median drainage area was 17.9 acres. The 
smallest drainage area in either year upstream of an 
intermittent point was 6.3 acres, and the largest drain- 
age area was 52.5 acres. 

If a site was visited more than once, the intermit- 
tent point witli the smaller drainage area was used in 
the balance of this analysis, because the current 
SMCRA and Clean Water Act issue under scrutiny is 
whether or not fill material can be placed in intermit- 
tent and perennial streams. The median drainage area 
of this subset of intermittent points (table 3) is !4.5 
acres. The median basin slope of these drainage areas is 
388 ft/mi. All following analyses are based on this 
subset of the data because not all of the sites were vis- 
ited two times. 

The median area for the 1,782 permitted valley 
fills in southern West Virginia is 12.0 acres (West Vir- 
ginia Department of Environmental Protection. 2002), 
which is slightly smaller than the median intermittent- 
point drainage area (14.5 acres). The maximum size of 
a permitted fill (480 acres) is more than 10 times the 
observed maximum intermittent-point drainage area of 
45.3 acres (table 3). Currently, some large fills cover 
more than one headwater drainage area. 

In the northeastern part of the study area, mostly 
sandstone is exposed at the surface, intemiittent-point 
elevations are higher (fig. 5A), and the average annual 
precipitation (approximately 47 in.) is generally 
greater. Intennittent points in the northeast had a 
median drainage area of 20.4 acres, and median basin 
slope of 322 ft/mi (table 3, figs. SB, 5C). In the south- 
western part of the study area, shale and sandstone are 
exposed at the surface, intermittent-point elevations are 
generally lower (fig. 5), and average annual precipita- 
tion (approximately 44 in.) is less. Intermittent points 
in the southwest had a median drainage area of 12.9 
acres, and median basin slope of 465 ft/mi (table 3, 
figs. 5B, 5C). 
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Table 3. Selected drainage-area and hydrologic characteristics of intermittent points used in data analysis for headwater 
streams in the mountainlop coal-mining region of southern West Virginia, 2000-01 


[Sampling site: See figure 1 for site locations and names, *, Data not collected in field season. **, Streamflow not mcasurcable. ft, feet; ft/mi, feet per mile; 
ft^/s, cubic feet per second; pS/cm: microsiemens per centimeter] 


Sampling 

site 

Region 

Year 

Drain- 
age area, 
in acres 

Intermit- 
tent point 
elevation, 
in ft 

Basin 
slope, 
in ft/mi 

Drainage 

area 

aspect 

Dominant 
rock type 

Percent- 
age domi- 
nant rock 
type 

Tempera- 
ture, in ®C 

Stream- 
flow, in 
fl*/8 

Conduc- 
tance, in 
pS/cm 

FF! 

NE 

2001 

8.1 

1,847 

186 

NW 

sandstone 

100 

7 

0.008 

110 

FFIa 

NE 

2001 

18.3 

1,493 

338 

SW 

sandstone 

100 

11.5 

.016 

2!4 

FF3 

NE 

2000 

10,8 

1,709 

223 

NW 

sandstone 

100 

• 

* 

* 

FF4 

NE 

2000 

45.3 

1,575 

333 

W-NW 

sandstone 

100 

• 

* 

* 

RNB 

NE 

2000 

11.3 

1,808 

264 

s 

sandstone 

100 

* 

* 

* 

RNC 

NE 

2000 

40.6 

1,595 

416 

sw 

sandstone 

100 

• 

• 

* 

RND 

NE 

2000 

8.9 

1,765 

233 

w-sw 

sandstone 

100 

• 

• 

* 

RNE 

NE 

2000 

30.6 

i,627 

348 

W 

sand.stone 

too 

• 

• 

* 

RNF 

NE 

2000 

19,4 

1,732 

275 

N-NW 

sandstone 

100 

• 

• 

• 

RNGl 

NE 

2000 

20.4 

1,811 

350 

W-NW 

sandstone 

100 

* 

* 

* 

RNG2 

NE 

2001 

28.0 

1.791 

322 

W-SW 

sandstone 

100 

7.5 

** 

27 

RNG3 

NE 

200! 

22.2 

!,749 

275 

N-NW 

sandstone 

100 

7.5 

.021 

36 

RNH 

NE 

2001 

40.7 

1,601 

433 

NW 

sandstone 

100 

8.5 

.00! 

40 

HCla 

SW 

2000 

12.0 

1,076 

393 

SW 

sandstone 

100 

* 

• 

♦ 

HClb 

sw 

2000 

24.4 

1,014 

583 

NW 

sandstone 

100 

* 

* 

* 

HC2 

SW 

200! 

22.2 

1,011 

596 

SW 

sand.sCone 

75 

10 

.018 

2S3 

HC3a 

sw 

2001 

24.2 

978 

552 

S-SW 

sandstone 

98 

8 

.032 

534 

HC3b 

sw 

2000 

13.8 

978 

587 

N-NW 

sandstone 

100 

• 

• 


HC4a 

sw 

2001 

7.7 

1,086 

310 

W-SW 

sandstone 

100 

6.5 

.022 

616 

HC4b 

sw 

2001 

7.7 

984 

485 

W-NW 

sandstone 

100 

7 

.002 

349 

HC5 

sw 

2000 

9.6 

971 

488 

W-NW 

sandstone 

100 

* 

• 

• 

HC6a 

sw 

2000 

16.4 

981 

554 

N 

sandstone 

9! 

• 

• 

* 

HC6b 

sw 

2001 

17.9 

892 

617 

NE 

sandstone 

100 

7.5 

.008 

55 

LD1 

sw 

2001 

10.8 

1,053 

380 

W 

shale 

99 

9 

** 

22 

LB2 

sw 

2001 

12.7 

1.056 

315 

S-SW 

shale 

71 

10.5 

*« 

36 

LB3 

sw 

2001 

17.7 

1.034 

408 

S-SE 

sandstone 

80 

10 

• • 

39 

LB4 

sw 

2000 

7.9 

1,027 

323 

S-SE 

sandstone 

100 

* 

• 

« 

LB5 

sw 

2001 

13.1 

1,024 

388 

SE 

sandstone 

73 

10 

** 

38 

WFIa 

sw 

2000 

14.5 

1,096 

343 

S-SE 

shale 

67 

* 

* 

♦ 

WFlb 

sw 

2000 

6.3 

1,040 

505 

E-NE 

shale 

100 

♦ 

• 

* 

WF2a 

sw 

2001 

10.7 

899 

513 

N-NE 

shale 

51 

9,5 

.022 

47 

WF2bl 

sw 

2000 

14.9 

955 

392 

S-SE 

sandstone 

78 

♦ 

• 

* 

WF2b2 

sw 

2001 

21.2 

922 

490 

E 

shale 

92 

7 

.003 

51 

WF3a 

sw 

200! 

7.9 

l,0H 

365 

N-NW 

shale 

99 

5 

.023 

55 

WF3b 

sw 

2000 

tO.9 

1,001 

444 

NE 

shale 

100 

* 

• 

* 
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A. ELEVATION 




EXPLANATION 

Data value less than 
/ or equal to 1 ,5 times the interquartile 
range outside the quartile 

- 75th percentile 

- Median 

- 25th percentile 



NE SW NE SW 

Intermittent points Perennial points 
SITE TYPE AND REGION 


Figure 5. Distribution of {A) elevation, (S) drainage area, and (C) median basin slope for intermittent and perennial 
points in headwater streams of the mountaintop coal-mining region of southern West Virginia, 2000-01 . 
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Intermittent-point drainage-area aspect, the gen- 
eral direction that water flows in a drainage area, varies 
from N to N-NW overall (table 3), and has a significant 
correlation with intermittent-point drainage area 
(R = 0.23, p < 0.05). Flow volume at intermittent points 
was small, with a median of 0.0 1 7 ft^/s, and a range of 
0.001 to 0.032 ft^/s (table 3). Specific conductance 
ranged from 22 to 616 pS/cm, with a median of 51 
pS/cm. Water temperature ranged from 5- 1 1 .S^C, with 
a median of 8.0°C. 


Drainage Areas with Perennial Flow 

The lowest elevation of the water table, and 
beginning of continuous perennial base flow (perennial 
point), was identified for 20 headwater streams in 
October of 2000 or October 200 1 (table 2). For all 
October 2000 sites, the median drainage area was 4 1 .4 
acres, and for all October 2001 sites, the median drain- 
age area was 28.5 acres. The 6-month period preceding 
the October 2000 visits to the perennial points was 
wetter than the period preceding the October 2001 
visits (table I). 

If a site was visited in both years, the larger 
perennial-point drainage area between the two years 
was used in the statistical analysis (table 4); the stream 
above the lower perennial point is assumed to be inter- 
mittent. Also included are four sites that produced 
perennial flow in 2001, but not in 2000. The median 
drainage area upstream of this subset of perennial 
points was 40.8 acres. The minimum perennial-point 
drainage area was 10.4 acres, while the maximum 
drainage area was 150. 1 acres. Drainage areas of peren- 
nial points had a greater range in size across the study 
area than did intermittent-point drainage areas; this 
result suggests that low base flow in the autumn may be 
more sensitive to local differences in climatic and 
drainage-basin conditions than high base flow in late 
winter and early spring. All of the following analyses 
are based on this subset of the data (table 4) because 
not ail of the sites were visited two times. 

Headwater streams had perennial base flow only 
where more than 80 percent of the bedrock exposed at 
the surface is sandstone, regardless of location within 
the study unit (table 4). Median elevation of perennial 
points (1,503 ft) was higher in the northeastern part of 
the study area (fig. 5^); the median drainage area was 
66.1 acres and the median basin slope was 443 ft/mi 
(table 4, figs. 55, 5C). Perennial points in the south- 


western part of the study unit had a median elevation of 
919 ft, a median drainage area of 34.8 acres, and a 
median basin slope of 563 ft/mi (table 4, fig, 5). 

Drainage-area aspect for perennial points ranges 
from N to N-NW, with most basins facing SW, W-NW, 
andNW (table 4); drainage-area aspect was not signifi- 
cantly correlated to the drainage area of perennial 
points (R == 0.36, p > 0.05). Flow volume at perennial 
points varied little from site to site, with a range of 
0.001 to 0.014 ft Vs, and a median of 0.007 ftVs. Spe- 
cific conductance varied from 32 to 721 pS/cm, with a 
median of 73 pS/cm. Water temperature ranged from 
9.0 to 16.0‘’C, with a median of I2.8°C. 

Of the 36 drainage areas evaluated during this 
study (table 2), six streams bad no flow for only one 
visit and twelve streams were dry for both October vis- 
its. Half of these drainage areas contained at least 20 
percent shale bedrock. Over half of the drainage areas 
were adjacent to at least one other drainage area with 
intermittent flow. Drainage-area aspect was evenly dis- 
tributed in all directions. These observations suggest 
that local climatic and drainage basin conditions deter- 
mine whether or not there will be perennial flow in a 
first-order headwater stream. 


Temporal Variability in intermittent and 
Perennial Drainage Areas 

The point of flow origin for intemiittent and 
perennial flow fluctuated over time, probably because 
of differences in environmental variables, including 
evapotranspiration, antecedent climatic conditions, and 
drainage basin condition.s. This study quantified eleva- 
tion, rock type, aspect, and basin slope for intermittent- 
and perennial-point drainage areas for two years at 23 
and 1 1 sites, respectively. 

The intermittent points were identified for 23 
sites in both February 2000 and March-April 2001 
(table 5). The intermittent-point drainage area varied by 
a median of 3.4 acres between these two periods over- 
all. The regional pattern was evident in this analysis as 
well; northeastern intermittent-point drainage areas 
varied by a median of 7.0 acres, while southwestern 
drainage areas had a median variation of 1.9 acres. The 
drainage areas for intermittent points for February 
2000 and March-April 2001 were significantly corre- 
lated by linear regression (R = 0.87, p < 0.05). 
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Table 4. Selected drainage-area and hydrologic chaFacteristics of perennial points used in data analysis for headwater streams 
in the mountaintop coal-mining region of southern West Virginia, 2000-01 


[Sampling site: See figure 1 for site locations and names. *, Data not collected in the October 2000 field season, ft, feet; ft/mi, feet per mile; fp/s. cubic feet 
per second; pS/cm; mierosiemens per centimeterj 


Sampling 

site 

Region 

Year 

Drainage 
area, in 
acres 

Perennial 
point ele- 
vation, in 
ft 

Basin 
slope, 
in ft/mi 

Drainage 

area 

aspect 

Dominant 
rock type 

Percentage 
dominant 
rock type 

Temperature, 
in »€ 

Stream- 
flow, in ft^/s 

Conduc- 
tance, in 
uS/cm 

FF3 

NE 

200! 

122.3 

1,244 

539 

NW 

sandstone 

100 

14 

<0,003 

90 

FF4 

NE 

200! 

98.2 

1,457 

443 

W-NW 

sandstone 

100 

14 

<.003 

!21 

RNC 

NE 

2001 

66.5 

1,503 

49! 

SW 

sandstone 

100 

n 

<.003 

32 

RNE 

NE 

200! 

66,1 

1,227 

480 

W 

sandstone 

100 

12 

<•002 

44 

RNF 

NE 

2000 

4i.9 

1,618 

315 

N 

sandstone 

100 

13 

.01! 

43 

RNGl 

NE 

2000 

27.6 

1,759 

347 

W-NW 

sandstone 

100 

12.5 

.014 

• 

RNG2 

NE 

2001 

28,4 

1,79! 

230 

W-SW 

sandstone 

100 

9 

<.002 

155 

RNG3 

NE 

200! 

28.6 

1,706 

30! 

N-NW 

sandstone 

100 

n.5 

<.002 

47 

RNH 

NE 

2001 

150,1 

1,270 

600 

NW 

sandstone 

100 

11 

<.003 

90 

HCIa 

SW 

2000 

54.0 

915 

541 

SW 

sandstone 

100 

12.5 

<•005 

73 

HCib 

SW 

2000 

40.7 

945 

596 

NW 

sandstone 

100 

12 

<.010 

6! 

HC2 

SW 

2000 

47.3 

919 

664 

SW 

sandstone 

82 

13 

.001 

234 

HC3a 

SW 

2001 

24.1 

978 

554 

SW 

sandstone 

98 

16 

<.003 

360 

HC3b 

SW 

2000 

40.8 

902 

615 

NW 

sandstone 

100 

13 

.003 

195 

HC4 

SW 

2001 

23.0 

879 

589 

W 

sandstone 

100 

14 

.002 

600 

HC4a 

SW 

2000 

10.4 

1,020 

398 

W 

sandstone 

100 

13 

.012 

721 

HC6a 

SW 

2001 

20.7 

873 

563 

N 

sandstone 

93 

16 

<.005 

67 

HC6b 

SW 

200! 

18.0 

892 

620 

NE 

sandstone 

100 

14 

<.003 

73 

LB3 

SW 

2000 

52.0 

958 

470 

S-SE 

sandstone 

88 

ll.g 

<.003 

62 

LB5 

SW 

2001 

34.8 

968 

453 

SE 

sandstone 

89 

12.5 

<•003 

38 


Regional late winter to early spring precipitation 
patterns can create small, local differences in the drain- 
age areas of intermittent points, but there was no clear 
direction to the differences, regardless of location in the 
study area. The period (October-March) preceding the 
2000 field work was slightly wetter than the period pre- 
ceding the 200 i field work (Ward and others, 200 1 , 
2002) (table 1), but only 57 percent (13 of 23) of 
intermittent-point drainage areas were larger in 200! 
than in 2000. Overall, October through March of both 
2000 and 2001 were significantly drier than normal, 
which may have had a cumulative affect on the drain- 
age areas of the intermittent points. There is a signifi- 
cant relation between drainage areas for intermittent 
points in March-April 2001 and perennial points in 
October 2000 (R ^ 0.97, p < 0.05). 

The perennial points were identified for 1 1 sites 
in both October 2000 and October 200 1 . The drainage 
areas upstream of these perennial points varied by a 


median of 18.0 acres between 2000 and 2001 (table 5). 
The variation in drainage areas over time was much 
larger for perennial points (1 8.0 acres) than for Inter- 
mittent points (3.4 acres), overall. Precipitation in the 
summer and early autumn in this region is delivered 
primarily by local convection thunderstorms, which 
can cause wide variability in water-table elevations 
across the region. Drainage areas of perennial points in 
October of 2001 were significantly correlated to drain- 
age areas of perennial points in October 2000 
(R = 0.86, p< 0.05). 

There was a difference in the medians of the tem- 
poral variation in drainage areas for perennial points in 
the northern and southwestern regions. The median of 
the variation for the northeastern basins was 22.2 acres, 
and 1 1.7 acres for the southwestern basins. Perennial 
point drainage areas where the rock type is sandstone, 
which are distributed across the study area, varied by a 
median of 20.1 acres. Drainage areas with as much as 
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Table 5. Differences in drainage area between intermittent and perennial points in 2000 and 2001 for headwater streams in the 
mountaintop coal-mining region of southern West Virginia 


[Sampling site: See llgure ! for site locations and names. Duininant rock type: The rock type listed represents greater than 50 percent of the surface geol- 
ogy. Difference: 2000 value minus 2001 value. *, Intermittent or p^ennial point not visited in both years.] 


Sampling 

site 

Region 

Dominant rock 
type 

intermittent-point drainage areas, in acres 

Perennial-point drainage area, in acres 

2000 

2001 

Difference 

2000 

2001 

Difference 

FFi 

NE 

sandstone 

19.4 

8.1 

11.3 

. 

. 

. 

FF3 

NE 

sandstone 

10.8 

19.0 

-8.2 

65.0 

122.3 

-57.3 

FF4 

NE 

sandstone 

45.3 

52.5 

-7.2 

* 

• 


RNC 

NE 

sandstone 

* 


* 

44.2 

66.5 

-22.2 

RND 

NE 

sand.stone 

8.9 

13.3 

-4.4 

* 

* 

• 

RNE 

NE 

sandstone 

30.6 

43.2 

-12.6 

• 

• 

* 

RNF 

NE 

sandstone 

19.4 

23.2 

-3.8 

* 

• 

• 

RNGl 

NE 

sandstone 

20.4 

27.5 

-7.0 

27.6 

27.5 

0.2 

RNG2 

NE 

sandstone 

31.4 

28.0 

3.4 

• 

* 

* 

RNG3 

NE 

sandstone 

22.2 

22.2 

.0 

22.2 

28.6 

-6.4 

RNFl 

NE 

sandstone 

• 

* 

* 

125.9 

!50.! 

-24.2 

HCla 

SW 

sandstone 

12.0 

15.0 

-3.0 

54.0 

28.5 

25.5 

HClb 

sw 

sandstone 

24.4 

31.8 

-7.5 

40.7 

35.3 

5.4 

f-IC2 

SW 

sandstone 

26.5 

22.2 

4.3 

47.3 

19.7 

27.6 

HC3a 

sw 

sandstone 

• 


* 

23.4 

24.1 

-.7 

HC3b 

sw 

sandstone 

• 

• 

• 

40.8 

22.8 

18.0 

HC4a 

sw 

sandstone 

8.4 

7.7 

.6 

• 

« 

• 

HC4b 

sw 

sandstone 

9.2 

7.7 

1.5 

♦ 

* 

* 

HC6a 

sw 

sandstone 

16.4 

19.7 

-3.3 

* 

* 

* 

HC6b 

sw 

sandstone 

18.0 

17.9 

.1 

* 

♦ 

* 

LD4 

sw 

sandstone 

7.9 

lO.I 

-2.2 

* 

* 

* 

LBS 

sw 

sandstone 

* 

• 

« 

34.0 

34.8 

-.8 

WFla 

sw 

shale 

14.5 

24.7 

-10.2 

* 

« 

« 

WFIb 

sw 

shale 

6.3 

lO.i 

•3.8 

• 

* 

* 

WF2a 

sw 

shale 

10.7 

10.7 

.0 

* 

« 

* 

WF2bl 

sw 

sandstone 

15.9 

14.9 

1.0 

* 

* 

« 

WF2b2 

sw 

shale 

22.2 

21.2 

i.l 

* 

* 

* 

WF3b 

sw 

shale 

10.9 

12.1 

-1.2 

• 

* 

* 


18 percent shale are in only the southwestern part of 
the study area, and had a median variation between 
years of only 0.8 acre. 

Although the period (April-September) preced- 
ing October 2000 field work was wetter than the period 
preceding October 2001 field work, 36 percent (4 of 
1 1) of perennial points had larger drainage areas in 
200 1,36 percent (4 o f 11 ) were larger in 2000, and 27 
percent (3 of 11) varied less than one acre. Six peren- 
nial points not included in the statistical comparison of 


1 1 sites did contain flow in 2001, but not in 2000 
(table 2). As noted earlier, only drainage areas com- 
posed of mostly sandstone produced perennial flow. 

The uncertainty in these results associated with 
GPS and mapping methods employed in this study is 
unknown, but the magnitude and significance of regres- 
sion relations identified above suggest that the patterns 
identified here are robust for this small dataset. Varia- 
tions in drainage-area size upstream of intennittent and 
perennial points over time probably are affected by 
antecedent climatic conditions and drainage basin 
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conditions. However, the local conditions for small 
headwater basins are extremely variable, and relations 
of these conditions to intermittent and perennial points 
could not be defined with this limited study. 

SUMMARY AND CONCLUSIONS 

Characteristics of first-order perennial, intermit- 
tent, and ephemeral headwater streams in the moun- 
taintop coal-mining region of southern West Virginia 
were measured and quantified in the late winter or early 
spring and autumn of 2000 and 2001. The origins of 
flow in headwater streams previously had not been 
examined in West Virginia, but are important to know 
because of the 1999 and 2002 U.S. District court rul- 
ings allowing the placement of valley-fill material only 
in ephemeral streams and not within 100 feet of inter- 
mittent and perennial streams. 

The point of continuous base flow in a stream, 
after no recent precipitation, can be identified and 
mapped as the surface expression of the water table. 
The time of year of field work is an important factor in 
this approach. Many streams throughout West Virginia 
have their lowest base flows in late summer or early 
autumn, and their highest base flows in late winter or 
early spring. The point where base flow begins in the 
late winter or early spring corresponds to the highest 
water-table elevation, and is the point of intermittent- 
flow origin (intermittent point). The point where base 
flow begins in the late summer or early autumn corre- 
sponds to the lowest water-table elevation, and is the 
point of perennial-flow origin (perennial point), 

The study area included 43 sites around the 
southern coal fields of West Virginia. Because previous 
coal mining affected 7 sites, only 36 sites were used in 
this study. For both intermittent and perennial streams 
in both years, flow at the point of origin was generally 
less than 0.01 ft^/s. Specific conductance varied from 
22-6 1 6 )aS/ciTi for all sites and for all field seasons, and 
was not a good indicator of past mining history. Water 
temperature ranged from 5.0 to 1 l.5°C in the late 
winter or early spring, and from 9.0 to 1 6°C in the 
autumn. 

The median drainage area upstream of 34 inter- 
mittent points was 14.5 acres, and ranged from 6.3 to 
45.3 acres. The median size of permitted valley fills in 
southern West Virginia is 12.0 acres, which is compara- 
ble to the median area upstream of the intermittent 
point (14.5 acres). The maximum size of permitted fills 


(480 acres) is more than 10 times the observed maxi- 
mum intermittent-point drainage area (45.3 acres). The 
intermittent points in the northea.stem part of the study 
unit were underlain by sandstone bedrock, were higher 
in elevation, had higher antecedent precipitation totals, 
and had larger median drainage areas (20.4 acres) and 
less steep median basin slopes (322 ft/mi) than the 
southwestern intermittent points (12.9 acres; 465 ft/mi, 
respectively). 

The median drainage area for 20 perennial points 
was 40.8 acres, and ranged from 10.4 to 150.1 acres. 
Perennial-point basins in the northeastern part of the 
study unit had a median elevation of 1,503 ft. a median 
drainage area of 66. 1 acres and a median basin slope of 
443 ft/mi. Perennial points in the southwestern part of 
the study unit had a median elevation of 919 ft, a 
median drainage area of 34.8 acres, and a median basin 
slope of 563 ft/mi. Only drainage areas underlain by 
sandstone bedrock produced perennial flow, regardless 
of geographic location. 

Intermittent-point drainage areas varied over 
time by a median of 3.4 acres between two annual late- 
winter or early spring measurements for 23 sites. There 
was a regional pattern in this dataset; noilheastem 
drainage areas for intermittent points varied by a 
median of 7.0 acres, while southwestern drainage areas 
for intermittent points varied by a median of 1.9 acres. 
The results indicate that local antecedent climatic con- 
ditions and drainage basin conditions control the loca- 
tion of the intermittent point. 

Perennial-point drainage areas varied over time 
by a median of 1 8.0 acres between two annual autumn 
measurements for 1 1 sites. Perennial points in north- 
eastern drainages varied over time by a median of 22,2 
acres, whereas those in the southwestern drainages 
varied over time by a median of 1 1.7 acres. This could 
be partially explained by rock types, as shale was 
present only in the southwestern drainage areas; only 
drainage areas composed of mostly sandstone pro- 
duced perennial flow. The October 2001 perennial- 
point drainage area was significantly correlated to the 
perennial-point drainage area of October 2000 
(R = 0.86, p < 0.05). Twenty streams had no flow for 
one or two annual October visits. These drainage areas 
were adjacent to similarly sized drainage areas that did 
produce perennial flow. These factors suggest that 
perennial flow in a stream is controlled by very local 
climatic and drainage basin conditions at a first-order 
stream scale. 
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Chapter 6 

ACID MINE DRAINAGE CONTROL AND TREATMENT 


Jeffrey G. Skousen, Alan Sexstone and Paul F. Ziemkiewicz 
6.1 INTRODUCTION 


6.1.1 Acid Mine Drainage Formation 

Acid mine drainage (AMD) forms when sulfide minerals are exposed to oxidizing 
conditions in coal and metai mining, highway construction, and other large-scale excavations. 
There are many types of sulfide minerals. Iron sulfides common in coal regions are 
predominately pyrite and marcasite (FeS 2 ), but other metals may be complexed with sulfides 
forming chalcopyrite (CuFeSz), covellite (CuS), galena (PbS), and sphalerite (ZnS). Pyrite 
commonly occurs with these other metal sulfides thereby causing AMD where Cu, Pb, and Zn 
are mined. 

Upon exposure to water and oxygen, sulfide minerals oxidize to form acidic, sulfate-rich 
drainage. Metal composition and concentrations in AMD depend on the type and quantity of 
sulfide minerals present. The drainage quality emanating from underground mines or backfills 
of surface mines is dependent on the acid-producing (sulfide) and alkaline (carbonate) minerals 
contained in the disturbed rock. In general, sulfide-rich and carbonate-poor materials produce 
acidic drainage. In contrast, alkaline-rich materials, even with significant sulfide concentrations, 
often produce alkaline conditions in water. 

Acidity in AMD is comprised of mineral acidity (Fe, Al, Mn, and other metals depending 
on the specific metal sulfide) and hydrogen ion acidity. Approximately 20,000 km of streams 
and rivers in the United States are degraded by AMD. About 90% of the AMD reaching streams 
originates in abandoned surface and deep mines. Since no company or individual claims 
responsibility for reclaiming abandoned mine lands (AML), no treatment of the AMD occurs and 
continual contamination of surface and groundwater resources results. 

The oxidation of iron disulfides and subsequent conversion to acidity occur through 
several reactions (Stumm and Morgan, 1970). The chemical equations are given in Chapter 5. If 
any of the processes represented by the equations were slowed or altogether stopped, the 
generation of AMD would also slow or cease. Removal of air and/or water from the system, two 
of the three principal reactants, would stop pyrite from oxidizing. This occurs naturally where 
pyrite-bearing rock occurs in water-saturated zones. Only small amounts of pyrite are oxidized 
through weathering in undisturbed environments thereby generating only small amounts of 
acidity. This small amount of acid is naturally diluted or neutralized by surrounding rocks. 
However, when large volumes of pyritic materia! are exposed to oxidizing conditions, as in 
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mining, the pyrite reacts on a large scale and water moves the reaction products (Fe, sulfate, and 
acidity) into underground and surface waters. Ferrous iron conversion to ferric iron is slow 
under abiotic (or strictly chemical) conditions. But iron-oxidizing bacteria, Thiobacillus 
ferrooxidans . greatly accelerate iron oxidation which, in turn, greatly speeds acid generation 
(Waksman, 1922), Biotic catalysis can increase acid generation up to a million times (Leathen et 
al, 1953). 

Sulfur in coal and coal-bearing rock occurs as organic, sulfate, or pyritic forms (Chapter 
4). Much of the sulfur in coal-bearing rock occurs as very small crystalline grains intimately 
mixed with the organic constituents of coal. Sulfur may also be disseminated in nearby layers of 
sandstone and shale (Temple and Koehler, 1954). The high sulfur content in coals and 
associated strata deposited in marine settings suggests that bacterial reduction of sulfate in 
seawater was the source of much of the pyrite found in coal. 

Organic sulfur is complexed and inseparable from the coal, but is not chemically reactive 
and has little to no effect on acid-producing potential. Sulfate sulfur is found only in minor 
quantities in fresh coal and associated rocks. Sulfate is a reaction product of pyrite oxidation and 
therefore is not responsible for acid production. Pyritic or sulfide sulfur is the predominant 
species in coal and associated rocks and is the major acid-producer. Several types of pyritic 
sulfur are known based on physical appearance (Chapter 5). 

The equations show that 1000 Mg of rock containing 1% sulfur, all as pyrite, would yield 
upon complete reaction 31.25 Mg of acidity. Therefore, 31 .25 Mg of 100% CaCOs would be 
required to neutralize the acidity generated. When sulfur in the overburden or coal is exclusively 
pyrite, the total sulfur content of the rock accurately quantifies the acid-producing potential. 
When organic and/or sulfate sulfur are present in significant amounts, total sulfur measurements 
overestimate the amount of acid that could be formed upon oxidation. Therefore, removal of 
sulfates and organic sulfur may be necessary to increase the accuracy in predicting the acid- 
producing potential of partially weathered materials (Chapter 4). 

The rate of pyrite oxidation depends on numerous variables such as reactive surface area 
of pyrite (Singer and Stumm, 1968), oxygen concentrations and solution pFl (Smith and 
Shumate, 1 970), the presence of Thiobacillus bacteria (USEPA, 1971), and catalytic agents 
(Caruccio et al., 1988). The possibility of identifying and quantifying the effects of these and 
other controlling factors with all the various rock types in a field setting is unlikely. Further, 
precise knowledge regarding oxidation rate is not needed for most real world situations when the 
acid-producing potential has been accurately evaluated from total sulfur (Smith and Sobek, 

1978). 

The alkaline content of overburden determines whether there is enough inherent 
neutralization potential (NP) to counteract the acid produced from pyrite oxidation. Of the many 
types of alkaline compounds present in rocks, only carbonates and clays occur in sufficient 
quantity to effectively ncutalize AMD. A balance between the acid-producing potential and 
neutralizing capacity of an overburden sample will indicate the ultimate acidity or alkalinity that 
might be expected in the material upon complete weathering. 

SMCRA requires coal operators and regulators to predict whether AMD may occur on a 
potential mine site before disturbance. Accurate prediction of AMD before surface mining 
requires a complete understanding of many components at a mine site. Three of the most 
important factors are: 1) overburden geochemistry, 2) method and precision of overburden 
handling and placement in the backfill during reclamation, and 3) the postmining hydrology of 
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the site. 

6.1.2 Overburden Analyses 

Premining analyses of soils, overburden, and the coal pavement are required by law to 
ascertain the physical and chemical characteristics of the strata above and immediately below the 
coal bed (Chapter 4). Overburden characterization provides important information about 
overburden layers that are acid toxic, potentially acid-producing, neutral, or alkaline. 

Overburden analysis for surface mining begins with Acid-Base Accounting (ABA). This 
analytical technique provides a simple, relatively inexpensive, and consistent procedure to 
evaluate overburdens. It balances potential acidity (based on total or pyritic sulfur content) 
against total neutralizers (primarily carbonates) in an overburden sample. Samples containing 
more acid potential than alkaline material are shown to be deficient in neutralizing materials 
(Dmaximum neededD), while the reverse situation is shown as "excess" neutralizing materials. 

Rock layers that are marginal (having about equal proportions of each type of material) 
can be subjected to leaching or weathering analyses (Skousen et al., 1987). Leaching/weathering 
procedures were devised to predict the chemical responses of a rock to weathering. The 
simulation tests are conducted over a predetermined time to estimate the rate of reaction of 
minerals in the rock. Leaching methods consist of placing a rock sample (ground to a specified 
particle size) into water-tight containers, flushing or flooding the containers with water, and 
collecting and analyzing the effluent for pH, acidity, alkalinity, iron, sulfate, etc. Leaching 
equipment may be varied and solvents may be recycled or heated during the leaching procedure. 
Several computer software programs are also available to model hydrogeochemical systems to 
predict AMD production. The models use overburden geochemical data, chemical and 
biological oxidation rates, anticipated water infiltration rates, and environmental conditions. 
These additional analyses sometimes supplement information given by ABA and can often help 
evaluate how a particular rock type may react in a backfill. Identification of the chemical 
production potential of overburden layers aids in developing overburden handling and placement 
plans. 

6.1.3 Overburden Handling and Placement 

The prevailing approach to control AMD in eastern USA is to keep w'ater away from 
pyritic material. Once overburden materials have been identified and classified based on 
overburden analyses, the overburden handling and placement plan for the particular site must be 
carefully followed. Recommendations have focused on segregating and placing acid-producing 
materials above the water table on top of a 1- to 2-m layer of nontoxic material on the pavement, 
and then treating, compacting, and covering it with a clay cap or other type of sealant material to 
reduce surface water infiltration into this material (Skousen et al., 1 987). In areas where 
limestone or other alkaline layers occur in the overburden, overburden materials may be blended 
to neutralize the acidic materials. Limestone should be added to the topsoil to neutralize any 
residual acidity and to raise the pH for vegetation establishment. 

6.1.4 Postmining Hydrology 


3 



307 


The hydrology of a backfill and its effect on AMD are very complex, but research on the 
movement of water into and through a mine backfill has provided some information on 
preventing and controlling AMD. Generally, the porosity and hydraulic conductivity of the 
materials in a backfill are greater than those of the consolidated rock overburden that existed 
before mining, and changes in flow patterns and rates should be expected after mining (Caruccio 
and Geidel, 1989). Often, the fine-grained topsoil placed over the backfill conducts water more 
slowly than the underlying coarse material, and thus the topsoil may determine the amount and 
rate of water movement into the backfill (Guebert and Gardner, 1992). As water moves into 
coarse materials in the backfill, it follows the path of least resistance. For example, water will 
flow through more permeable acid sandstones and around calcareous shales. The water 
continues downward until it encounters a barrier, the coal pavement, or other compacted or 
slowly permeable layer. Water does not move uniformly through the backfill by a consistent 
wetting front. The chemistry of the water emanating from the backfill will reflect only the rock 
types encountered in the water flow path, not the geochemistry of the total overburden 
(Ziemkiewicz and Skousen, 1992). 

Diverting surface water above the site to decrease the amount of water entering the mined 
area is highly recommended. Alternatively, pyritic material can be placed where it will be 
rapidly and permanently inundated, thereby preventing oxidation of the acid-forming material. 
Inundation is only suggested where a water table may be re-established to cover acid-producing 
materials (such as below drainage deep mines), and has not been recommended for surface 
mined lands or above drainage deep mines in the mountainous Appalachian USA region, 
Upgradient of mined areas, water with low mineral acidity can be treated with limestone in the 
water course to improve water quality. 

6.2 AT-SOURCE CONTROL OF ACID MINE DRAINAGE 

Acid mine drainage control technologies are measures that can be undertaken where 
AMD formation has either already taken place or is anticipated to be a problem in the future. 
At-source control methods treat the acid-producing rock directly and stop or retard the 
production of acidity, whereas treatment methods add chemicals directly to acidified water 
exiting the rock mass. Coal companies mining in acid-producing areas of the eastern USA must 
often treat AMD, and they face the prospect of long-term to indefinite water treatment and its 
attendant liabilities. It is obvious that cost-effective methods which prevent the formation of 
AMD at its source would be preferable. Some control methods are most suitable for abandoned 
mines and others are only practical on active operations. Other methods can be used in either 
setting. 

Some of the techniques described below are partially successful and have demonstrated 
less than 100% control of acidity produced on-site, and are considered failures by some people. 
While a technique that controls 80% of a site's acidity may not relieve a coal mine operator of 
liability, the method may be suitable for an abandoned mine reclamation program or a watershed 
restoration project. Removing a significant portion of the acid or metal load in a watershed by a 
partially-effective control strategy may improve the health of a stream to a point of re- 
introducing some fish species or re-establishing some designated uses of the stream. 
Alternatively, the method may be combined with another partial control scheme to achieve 
effluent limits. Since partial control methods are often the least costly, their use in combination 
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with other techniques is often fmancialiy attractive. For example, a partial control method such 
as a dry barrier can be combined with alkaline amendment to reduce the amount of alkalinity 
required to offset acidity. 

6.2.1 Alkaline Amendment to Active Mines 

Recent studies have indicated that certain types of alkaline amendments can successfully 
control AMD from pyritic spoil and refuse (Brady et al., 1990; Perry and Brady, 1995; Rich and 
Hutchison, 1990; Rose et al., 1995). Nearly all alkaline amendment schemes rely on ABA to 
identify the required alkalinity for neutralization of pyritic materials. Alkaline amendment 
methods are a modification of the concept of selective handling. Selective handling seeks to 
blend acid-producing and acid-neutralizing rock units in the mining process to develop a neutral 
rock mass. Selective handling may also create a postmining hydrologic regime that minimizes 
the contact between acid-forming rock and groundwater, or it may isolate acid-producing rocks 
from the rest of the backfill by use of barriers. In the eastern USA coal fields, the pit floor is 
often rich in pyrite, so isolating it from groundwater may be necessary. Isolation methods can 
include building highwall drains which move incoming groundwater away from the pit floor or 
placing impermeable barriers on the pit floor. For example, acid-forming material can be 
compacted or capped within the spoil (Meek, 1994). If insufficient alkalinity is available in the 
spoil, then external sources of alkalinity may be imported (Skousen and Larew, 1994; Wiram 
and Naumann, 1995). 

Limestone is often the least expensive and most readily available source of alkalinity. It 
has a NP of between 75 and 100%, and is safe and easy to handle. On the other hand, it has no 
cementing properties and cannot be used as a barrier. 

Fluidized Bed Combustion (FBC) ash is produced at power generating plants that bum 
high sulfur coal or refuse in a FBC system. Sulfur dioxide emissions are controlled by injecting 
limestone into the combustion bed. At combustion temperatures, the limestone calcines leaving 
calcium oxide. About one-half of the CaO reacts with sulfur dioxide to form gypsum and the 
rest remains unreacted. Therefore, FBC ashes generally have NPs of between 20 and 40%, and 
they tend to harden into a cement after wetting (Skousen et al., 1997). Other power-generation 
ashes, like flue gas desulfurization products and scrubber sludges, may also have significant NP, 
which make them suitable alkaline amendment materials (Stehouwer et al., 1995). 

Kiln dust, produced by lime and cement kilns, contains similar levels of CaO (1 5 to 30%) 
as FBC ash, but also contains 50 to 70% unreacted limestone. Kiln dust absorbs moisture and 
also hardens upon wetting (Rich and Hutchison, 1994). It is widely used as a stabilization and 
barrier material. 

Steel-making slags are locally available in large quantities at low cost. When fresh, steel 
slags have NPs from 45 to 90%. Studies indicate that columns of steel slag maintain constant 
hydraulic conductivity over time and produce highly (>1,000 mg/L) alkaline leachate. Steel slag 
can be used as an alkaline amendment as well as a medium for alkaline recharge trenches. Slags 
are produced by a number of processes, so care is needed to ensure that candidate slags are not 
prone to leaching metal ions like Cr, Mn, and Ni. 

Other alkaline materials may have higher NPs than limestone, but the source of the 
material should be checked and a complete analysis should be done to evaluate NP and metal 
content before use. Quicklime, kiln dust and hydrated lime all have higher activities than 
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limestone, though it is not clear that the kinetics of pyrite oxidation favor readily soluble sources 
of alkalinity. 

Phosphate rock has been used in some studies to control AMD. It may react with Fe 
released during pyrite oxidation to form insoluble coatings (Evangelou, 1995), but phosphate 
usually costs much more than other calcium-based amendments and is needed in about the same 
amounts (Ziemkiewicz and Meek, 1994), 

Accurately predicting the amount of a particular alkaline amendment to add in a certain 
situation has significant cost and long-term liability implications. diPretoro and Rauch (1988) 
found sites with >3% NP as calcium carbonate equivalent in overburden produced alkaline 
drainages, while acidic drainage resulted at <1%NP. Brady and Hornberger (1989) suggest 
threshold values of NP > 3% and S < 0.5% as guidelines for delineating alkaline-producing 
strata. Brady et al, (1994) showed that 3% net NP in an overburden caused alkaline drainage 
while less than 1% net NP produced acidic drainage from 38 mines in PA. They concluded that 
mining practices (such as selective handling, and concurrent reclamation) enhanced the effect of 
alkaline addition on reducing acidity. Further refinements (Perry and Brady, 1995) gave a value 
of 21 Mg/1000 Mg net NP (or 2.1%) to produce alkaline drainage on 40 sites in Pennsylvania. 
Alkaline addition of lime kiln dust at rates to neutralize the MPA was successful in producing 
alkaline drainage from a Pennsylvania site after mining (Rose et ah, 1995). 

Brady and Hornberger (1990) conclude that NP from ABA shows the strongest 
relationship with actual postmining water quality. This relationship is only qualitative (e.g. acid 
vs. non-acid), and NP must significantly exceed MPA in order to produce alkaline water. If NP 
and MPA are similar, AMD will most likely result. 

Accurate, representative overburden analyses before mining are crucial in developing 
mining plans and alkaline addition programs in acid-producing areas. Therefore, it is best to 
generate cost-effective control strategies when acid problems are identified during premining 
planning (Chapter 4). Errors in predicting postmining water quality from premining overburden 
analyses include unrepresentative sampling of overburdens and inaccurate analyses (Rymer et 
ah, 1991; Wiram and Naumann, 1995), and non-homogeneous placement of spoils. For 
example, Schueck (1990) reported AMD generation from a surface mine in Pennsylvania 
resulted largely from buried refuse and pit cleanings within an otherwise neutral to alkaline spoil 
matrix as identified by ABA. 

Some spoils are composed of a mixture of acid-forming and alkaline rocks, while other 
materials like refuse are dominated by acid-producing rocks with no NP. In spite of significant 
alkalinity in overburdens, AMD originates from localized sites within the backfill. While 
finding the path of least resistance to the downstream side of the backfill, infiltrating water is 
influenced only by acid and alkaline rocks directly in its path. If water flows primarily through 
permeable acid sandstones, AMD can result, and the water flows freely to the nearest stream 
while the alkalinity in the pile remains unreacted. Unless contacted directly by acid water, most 
of the spoil limestone will remain in solid form. Thus, the presence of alkalinity in the backfill 
does not ensure that it will neutralize acidity. For efficient neutralization, the acid-forming and 
alkaline material must be thoroughly mixed. Where insufficient alkalinity is present, it is 
necessary to add alkaline material to the rock mass. If one relies on random spoil dumping, an 
overwhelming supply of alkaline material would be needed. This probably accounts for the 
reported field observations that two or more units of NP is required for each unit of MPA. If 
there is a consensus on the subject, it would appear that material mixtures with an NP/MPA ratio 
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above 2 and an net NP above 30 Mg/1 000 Mg (3% net NP) generate alkaline water. Even at 
high NP/MPA ratios, acidity may be produced if the acid-producing materials are incorrectly 
placed so that they intercept groundwater, or the alkaline material is added only to the surface 
(Lusari and Erickson, 1985). Thorough mixing during materials handling can reduce the 
required NP/MPA ratio considerably. 

Addition of alkaline material to refuse is a relatively simple process. Since the refuse 
leaves the preparation plant on a belt conveyor or in a slurry line, the alkalinity can be metered 
directly into the refuse stream. Rich and Hutchison (1990 and 1994) reported a successful 
operation where 2% lime kiln dust is added to refuse at a preparation plant in West Virginia. 

Not only did the kiln dust prevent acid formation, it improved the strength of the refuse pile by 
absorbing moisture from the filter cake, allowing easy access for large haulage trucks. Currently 
at least eight preparation plants in the eastern USA are using this technique. 

Adding alkalinity to spoil requires more care during mining and reclamation. The high 
volume of spoil necessitates applying alkalinity only to those rock masses that need it (like coal 
roof rock, partings and pavement). Surface mining operations can remove this rock with front 
end loaders after the prime excavator exposes the coal and place the acid-producing material in 
cells in the backfill for treatment with an alkaline amendment (Skousen and Larew, 1994). Since 
acid-producing rock types are often a small proportion of the total spoil, such a procedure results 
in efficient use of the alkaline material. Additional compaction is desirable during placement in 
cells. Often the final pit floor contains considerable pyrite, much of it within 30 cm of the coal. 
Two approaches can be taken: 1) remove the pyritic material and place it in cells for alkaline 
amendment, or 2) seal the pit floor with a self-cementing material such as FBC ash. 

6.2.2 Alkaline Recharge Trenches 

Alkaline recharge trenches (Caruccio et al., 1984) are surface ditches filled with alkaline 
materials. These trenches can minimize or eliminate acid seeps through an alkaline-loading 
process by placing alkaline material into contact with surface infiltrating water. Alkaline 
recharge trenches were constructed on top of an 8-ha coal refuse disposal site, which produced 
AMD seepage (Nawrot et al., 1994). After installing the alkaline recharge pools, acidity 
reductions of 25 to 90% were realized with concomitant 70 to 95% reductions in Fe and sulfate 
in seepage water. The following conclusions and recommendations were made: 

—Use highly soluble alkaline materials (e.g. CaO, Ca(OH )2 waste products), 

—Maximize water volumes through the trench by directing surface flow into the pool, 

—Use multiple alkaline recharge pools to increase chances of influencing groundwater flows, 
—Construct infiltration paths into the backfill to improve alkaline diffusion and flushing, 

—Allow sufficient time (possibly 3-5 annual cycles) for the effect to become apparent. 

6.2.3 Bactericides 

Anionic surfactants are used to control bacteria that catalyze the conversion of Fe^^ to 
Fe^^, which can thereby control pyrite oxidation. They are used in situations where immediate 
control of AMD formation is important and work best on fresh, unoxidized sulfides. 

Bactericides are often liquid amendments, which can be applied to refuse conveyor belts or 
sprayed by trucks on cells of acid-producing materials in the backfill. Bactericides have also 
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been used at metal mines (Paris! et ai., 1994). One example of surfactant application was done 
in 1988 on a 4.5-ha refuse site in Pennsylvania. Surfactant was applied via a hydroseeder at 
rates of 225 kg/ha initially, then successive amounts were made as fresh refuse was deposited. 
Effluent from the pile showed a 79% reduction in acidity and a 82% decrease in Fe. Cost 
savings at the AMD treatment plant were $300,000 per year (Rastogi, 1 994). Surfactants, by 
themselves, are not seen as a permanent solution to AMD. Eventually the compounds either 
leach out of the rock mass or are decomposed. However, slow-release formulations are 
commercially available and have been successfully used at regraded sites (Splittorf and Rastogi, 
1995). Bactericides appear to work best when used in combination with other control methods, 
and can be useful in preventing acid conditions in pyritic rock piles which remain open for 
several years until the site is reclaimed. 

6.2.4 Dry Barriers 

Barriers are constructed from materials that retard the movement of water and oxygen 
into areas containing acid-producing rock. Barriers can achieve substantial reductions in water 
flow through piles, but generally do not control AMD completely. Grouts can be used to 
separate acid-producing rock and groundwater. Injection of grout barriers may significantly 
reduce the volume of groundwater moving through spoil. Gabr et al. (1994) characterized the 
groundwater flow of an acid-producing reclaimed site where a 1.5-m thick wall was installed by 
pumping a mixture of class F fly ash and portland cement grout into vertical boreholes near the 
highwall. After two years, the grout wall reduced groundwater inflow from the highwall to the 
spoil by 80%, resulting in one of two seeps completely drying up and substantially reducing the 
flow of the other seep. 

Plastic liners are rarely used in mining because covering the large volumes of waste with 
a liner is usually too expensive. However, this method may be appropriate in settings where 
isolation of small pods of acid-producing material is possible. At the Upshur Mining Complex 
in West Virginia, Meek (1994) reported covering a 20-ha spoil pile with a 39-mil PVC liner. 
This treatment reduced acid loads by 70%. At the Heath Steele Metal Mine in New Brunswick, 
a soil cover was designed to exclude oxygen and water from the pile, and its performance was 
evaluated for five years (Bell et al., 1994). The capillary barrier consisted of a 10-cm gravel 
layer for erosion control, 30-cm gravel/sand layer as a evaporation barrier, 60-cm compacted till 
(conductivity of 10'® cm/sec), 30-cm sand, and pyritic waste rock. The barrier excluded 98% of 
precipitation, and oxygen concentrations in the waste rock dropped from 20% initially to around 
1%. In a similar study at the Waite Amulet Mine in Quebec, a barrier consisting of a 60-cm 
thick layer of compacted clay between two 30-cm layers of sand was placed over pyritic tailings 
(Yanful et al,, 1 994). After three years, the barrier reduced oxygen flux by 99% resulting in a 
95% reduction in the rate of acid generation. The barrier excluded 96% of precipitation. 
Evaluations of capillary barriers by these and other studies (Nicholson et al., 1 989; Rasmuson 
and Eriksson, 1986) indicate that this type of dry barrier can be an effective AMD control agent. 

6.2.5 Wet Covers 

Disposal of sulfide tailings under a water cover, such as a lake or fjord, is another way to 
prevent acid generation by excluding oxygen to sulfides. Wet covers also include flooding of 
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above ground tailings ponds. Deposition of sulfide tailings under water has been used at various 
mines in Canada. Fraser and Robertson (1994) studied four freshwater lakes used for 
subaqueous tailings disposal and found the following: 

—Reactivity of tailings was low since low dissolved metals were found in the pore water, 

—Low metal dissolution from sediments indicated little impact of metals within the lakes, 
—Biological communities existed in some of the lakes, 

—Metal levels in fish were variable and depended on the history of the lake. Metal levels in fish 
appeared to be elevated in some parts of the lake while others were typical of background 
levels. 

-Sulfide-rich Zn, Cu and Pb tailings were placed by slurry line into shallow (<8 m) Anderson 
Lake in north-central Manitoba since 1979. Pedersen et al. (1 994) studied the site and 
concluded: 

—Mine tailings were widely distributed on the lake floor, 

-Sediments deposited in the lake had much organic matter, 

—Anaerobic conditions developed at shallow depths, 

—No Cd, Pb or Cu were being released from the submerged tailings, 

—Very low amounts of Zn were dissolved into lake water from the tailings. 

At Elliot Lake, Ontario Rio Algom Limited established a 65-ha flooded field demonstration site 
in which water depths of 0.5 to 1.0 m were developed in a series of terraces and dikes (Dave and 
Vivyurka, 1994). The first cell was completed and ready for flooding in October 1992. Over 
50% of the sulfidic uranium tailingDs surface was treated with limestone and the top 15 cm was 
mixed. While flooding this cell, lime slurry was added to the inflow water for additional 
neutralization. At the end of flooding in December 1992, the surface water pH was 7 with 
acidity averaging 7 mg/L. This general water quality has been maintained for two years. For 
comparison, inflow from a nearby uncontaminated lake had an average pH of 6.4 and acidity of 5 
mg/L and alkalinity of 4 mg/L. The tailings pond was in a valley so only the engineered dam at 
the downstream was exposed to air. 

6.2.6 Alkaline Amendment to Abandoned Mines 

Abandoned mines in the eastern USA generate more than 90% of the AMD in streams 
and rivers, most of which comes from underground mines. Abandoned underground mines are 
problematic because they are often partially caved and flooded, access is restricted, and reliable 
mine maps are often unavailable. Abandoned surface mines comprise huge volumes of spoil of 
unknown composition and hydrology. Rehandling and mixing alkalinity into the backfill is 
generally prohibitively expensive. These problems on abandoned mines were considered so 
intractable that they have only recently been addressed. 

Filling underground mine voids with non-permeable materials is one of the best methods 
to prevent AMD from abandoned underground mines. Since underground mine voids are 
extensive (a 60-ha mine with a coal bed height of 1.5 m and a recovery rate of 65% would 
contain about 600,000 m^ of voids), the fill material and the placement method must have very 
low unit costs. Mixtures of class F fly ash and 3-5% portland cement are used to control 
subsidence in residential areas. The slurries are injected through vertical boreholes at between 8 
and 16 m centers. Research and demonstration projects are exploring both pneumatic (the use of 
air pressure) and slurry injection methods for placing FBC ash in abandoned underground mines 
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(Burnett et al., 1995). Preliminary results indicate that pneumatic methods can extend the 
borehole spacing to about 30 m at costs substantially less than those of slurry methods. On 
reclaimed surface mines still producing AMD, researchers in Pennsylvania saw small 
improvements in water quality after injecting coal combustion residues into buried pods of 
pyritic materials (Kim and Ackman, 1 994; Schueck et al., 1 994). 

6.2.7 Remining and Reclamation 

Remining is returning to abandoned surface or underground mines for further coal 
removal. Where AMD occurs, remining reduces acid loads by: 1) decreasing infiltration rates, 

2) covering acid-producing materials, and 3) removing the remaining coal which is the source of 
most of the pyrite. Hawkins (1994) studied 57 discharges from 24 remined sites in 
Pennsylvania, and found contaminant loadings (e.g. flows and metal concentrations) were either 
reduced or unchanged after remining and reclamation. Short-term loads were sometimes 
increased during the first six months after remining and reclamation. Reduction in loads resulted 
from decreased flow rather than large changes in concentrations. An evaluation of ten remining 
sites in Pennsylvania and West Virginia showed eight of the sites to produce a net profit from 
coal sales. All the sites were reclaimed to current standards, thereby eliminating highwalls, 
covering refuse, and revegetating the entire areas. All sites also had improved water quality and 
some completely eliminated AMD coming from the site (Skousen et al., 1 997), Faulkner and 
Skousen (1995) found significant reductions in acid loads after land reclamation, and the acid 
load reductions were due both to reductions in water flow from the site and reductions in acid 
concentration in the water. 

Remining has been combined successfully with alkaline addition and special handling to 
change water quality from acid to alkaline at specific sites. Skousen and Larew (1994) described 
the surface remining of an underground mine in Preston County, West Virginia. Alkaline 
overburden from an adjacent mine was imported at a rate of 1 5,000 Mg/ha to the remining job at 
a cost of $0.55/Mg of coal removed. An average of about 18,000 Mg/ha coal was removed, 
making the cost of hauling the alkaline material to the site around $9, 900/ha. Water quality from 
the deep mine prior to remining averaged pH 3.7 and 75 mg/L acidity, while after remining and 
reclamation, pH was above 7.0 with no acidity. Based on average premining water flows and 
analyses of the deep mine discharge on the site, the chemical cost for treating AMD on this site 
would have been around $200,000 over a 20-year period. The alkaline addition had a one-time 
cost of $45,000. 

6.3 CHEMICAL TREATMENT OF ACID MINE DRAINAGE 

Since the passage of SMCRA in 1977, coal mine operators have been required to meet 
environmental land reclamation performance standards established by federal and state 
regulatory programs. Operators must also meet water quality standards established in the Clean 
Water Act of 1972 (CWA), which regulates discharges into waters of the USA. In addition to a 
surface mining permit required by SMCRA, each mining operation must be issued a National 
Pollution Discharge Elimination System (NPDES) permit under CWA. Allowable pollutant 
discharge levels are usually determined by the USEPADs technology-based standards, or the 
discharge levels may be based on the more stringent water quality-based standards. Water 
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quality standards may apply where discharges are being released into streams with designated 
uses. 

If AMD problems develop during mining or after reclamation, a plan to treat the 
discharge must be developed. Treatment of AMD includes neutralization of acidity and 
precipitation of metal ions to meet the relevant effluent limits. In most cases, a variety of 
alternative treatment methods can be employed to meet the limits specified. 

NPDES permits on surface mines usually require monitoring of pH, total suspended 
solids (TSS), and Fe and Mn concentrations. Other parameters may be requested by the 
regulatory authority in a particular mining situation. In order for an operator to make a selection 
of an AMD treatment system, one must determine (in addition to the above parameters) the flow 
rate, sulfate concentration, and Fe*^ concentration in the AMD. The receiving stream's 
designated use and seasonal fluctuations in flow rate are also important. After evaluating these 
variables over a period of time, the operator ean consider the economics of different chemicals 
and alternative AMD treatment systems. Most AMD chemical treatment systems consist of an 
inflow pipe or ditch, a storage tank or bin holding the treatment chemical, a means of controlling 
its application rate, a settling pond to capture precipitated metal oxyhydroxides, and a discharge 
point. The latter is the point at which NPDES compliance is monitored. 

6.3,1 Chemicals Available to Treat AMD 

Six chemicals are used to treat AMD (Table 6.1). Each chemical has characteristics that 
make it more or less appropriate for a specific condition. The best choice among alternatives 
depends on both technical and economic factors. The technical factors include acidity levels, 
flow, and the types and concentrations of metals in the water. The economic factors include 
prices of reagents, labor, machinery and equipment, the number of years that treatment will be 
needed, and the interest rate. 

Enough alkalinity must be added to raise water pH so insoluble metal hydroxides will 
form and settle out of the water. The pH required to precipitate most metals from water ranges 
from pH 6 to 9 (except Fe’^^, which precipitates at pH >3.5). The types and amounts of metals in 
the water therefore heavily influence the selection of an AMD treatment system. Ferrous iron 
converts to a solid bluish-green Fe(OH )2 at pH >8.5. In the presence of oxygen, Fe*^ oxidizes to 
Fe*^, and Fe(OH )3 forms a yellowish-orange solid (commonly called yellow boy) which 
precipitates at pH >3.5. In oxygen-poor AMD where Fe is primarily in the Fe*^ form, enough 
alkalinity must be added to raise the solution pH to 8.5 before Fe(OH )2 precipitates. A more 
efficient way of treating high Fe'^^ AMD is to first aerate the water (also outgassing CO 2 ), 
causing the Fe to convert from Fe^^ to Fe*^^, and then adding a neutralizing chemical to raise the 
pH to 6 or 7 to form Fe(OH) 3 . Aeration after chemical addition is also beneficial because it 
greatly reduces the amount of neutralizing reagent necessary to precipitate Fe from AMD. 
Aluminum hydroxide precipitates at pH > 5.0 but also enters solution again at a pH of 9,0. 
Manganese precipitation is variable due to its many oxidation states, but will generally 
precipitate at a pH of 9.0 to 9.5. As this discussion demonstrates, the appropriate treatment 
chemical can depend on both the oxidation state and concentrations of metals in the AMD 
(USEPA, 1983). Interactions among metals also influence the rate and degree to which metals 
precipitate. For example, Fe precipitation will largely remove Mn from the water at pH 8 due to 
co-precipitation, but only if the Fe concentration in the water is much greater than the Mn 
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content (about 4 times more or greater). If the Fe:Mn ratio is less than 4, Mn is not removed by 
co-precipitation and a solution pH of >9 is necessary to remove it from solution. 

6.3.1. 1 Limestone 

Limestone has been used for decades to raise pH and precipitate metals in AMD. It has 
the lowest material cost and is the safest and easiest to handle of the AMD chemicals. 
Unfortunately, its successful application has been limited due to its low solubility and tendency 
to develop an external coating, or armor, of Fe(OH )3 when added to AMD. In cases where pH 
is low and mineral acidity is also relatively low (low metal concentrations), finely-ground 
limestone may be dumped in streams directly or the limestone may be ground by water-powered 
rotating drums and metered into the stream. These applications have recently been tried in West 
Virginia in AMD-impacted streams with great success. Limestone has also been used to treat 
AMD in anaerobic (anoxic limestone drains) and aerobic environments (open limestone 
channels). These latter two techniques are discussed later in this chapter under passive treatment 
systems. 


Tabic 6.1. Chemical compounds used in AMD treatment. 


Common Name 

Chemical Name 

Formula 

Conversion 

Factor* 

Neutralization 

Efficiency^ 

2000 Cost’ 

$ per Mg or L 
Bulk <Bu!k 

Limestone 

Calcium carbonate 

CaCOj 

1.00 

30% 

$ 11 

$ 16 

Hydrated Lime 

Calcium hydroxide 

Ca(OH): 

0.74 

90% 

$ 66 

$110 

Pebble Quicklime 

Calcium oxide 

CaO 

0.56 

90% 

$ 88 

$264 

Soda Ash 

Sodium carbonate 

Na-COj 

1.06 

60% 

$220 

$350 

Caustic Soda (solid) 

Sodium hydroxide 

NaOH 

0.80 

100% 

$750 

$970 

20% Liquid Caustic 

Sodium hydroxide 

NaOH 

784 

100% 

$0.06 

$0.16 

50% Liquid Caustic 

Sodium hydroxide 

NaOH 

256 

100% 

$0.29 

$0.33 

Ammonia 

Anhydrous ammonia 

NHj 

0.34 

100% 

$330 

$750 


neutralization per year. For liquid caustic, the conversion factor gives L needed for neutralization. 

^Neutralization Efficiency estimates the relative effectiveness of the chemical in neutralizing AMD acidity. For 
example, if 100 Mg of acid/yr was the amount of acid to be neutralized, then it can be estimated that 82 
Mg of hydrated lime would be needed to neutralize the acidity in the water (100(0. 74)/0.90). 

^ Price of chemical depends on the quantity being delivered. Bulk means delivery of chemical in a large truck, 
whereas <Bulk means purchased In small quantities. Liquid caustic prices are for L. Others in Mg. 


6.3. 1.2 Hydrated Lime 


Hydrated lime is a commonly-used chemical for treating AMD. It is sold as a powder 
that tends to be hydrophobic, and extensive mechanical mixing is required to disperse it in water. 
Hydrated lime is particularly useful and cost effective in large flow, high acidity situations 
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where a lime treatment plant with a mixer/aerator is construeted to help dispense and mix the 
ehemieal with the water (Skousen and Ziemkiewicz, 1996). Hydrated lime has limited 
effectiveness if a very high pH is required to remove ions such as Mn, Operators of lime 
treatment systems often increase lime application as Mn levels increase in the water. However, 
due to the kinetics of lime dissolution, increasing the lime rate increases the volume of unreacted 
lime that enters the metal floe settling pond. 

Hydrated lime can be purchased in 20-kg bags or in bulk. Bulk lime is preferred by 
operators due to cost and handling advantages. It can be delivered by barge, truck, or train to 
many sites and handled pneumatically. Proper storage of Ca(OH )2 is important in order to 
maintain its flow characteristics and thus ensure efficient use. The appropriate silo volume 
depends on the daily lime requirement, but should contain enough to cover periodic unexpected 
delays in delivery. The length of time that the system will be in operation is important because 
the large initial capital expenditure can be amortized over time. 

6.3. 1.3 Pebble Quicklime 

Pebble quicklime (CaO) has been recently used in conjunction with the Aquafix Water 
Treatment System utilizing a water wheel concept (Jenkins and Skousen, 1993). The amount of 
chemical applied is dictated by the movement of the water wheel, which causes a screw feeder to 
dispense the chemical. The hopper and feeder can be installed in less than an hour. This system 
was initially used for small and/or periodic flows of high acidity because CaO is very reactive. 
Recently, however, water wheels have been attached to large bins or silos for high flow/high 
acidity situations. Preliminary tests show an average of 75% cost savings over NaOH systems 
and about 20 to 40% savings over NHj systems. 

6.3. 1.4 Soda Ash 

Soda ash (NaiCOs) is generally used to treat AMD in remote areas with low flow and 
low amounts of acidity and metals. Selection of NaiCOs for treating AMD is usually based on 
convenience rather than chemical cost. Soda ash comes as solid briquettes, and is gravity fed 
into water by the use of bins or barrels. The number of briquettes to be used each day is 
determined by the rate of flow and quality of the water to be treated. One problem with the bin 
system is that the briquettes absorb moisture, causing them to expand and stick to the corners of 
the bin. This hinders the briquettes from dropping into the AMD stream. For short-term 
treatment at isolated sites, some operators use a much simpler system employing a wooden box 
or barrel with holes that allows water inflow and outflow. The operator simply fills the barrel 
with briquettes on a regular basis and places the barrel in the flowing water. This system offers 
less control of the amount of chemical used. 

6.3. 1.5 Caustic Soda 

Caustic soda (NaOH) is often used in remote locations (e.g., where electricity is 
unavailable), and in low flow, high acidity situations. It is commonly the chemical of choice if 
Mn concentrations in the AMD are high. The system can be gravity fed by dripping liquid 
NaOH directly into the AMD. Caustic is very soluble in water, disperses rapidly, and raises the 
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pH of the water quickly. Caustic should be applied at the surface of ponded water because the 
chemical is more dense than water. The major drawbacks of using liquid NaOH for AMD 
treatment are high cost and dangers in handling. 

Liquid NaOH can freeze during winter months, but there are several options available to 
deal with the freezing problem. These include burying the NaOH tank, installing a tank heater, 
switching from a 50 percent to a 20 percent solution, adding a small amount of antifreeze to the 
solution, and utilizing solid NaOH. Switching from a 50 percent to a 20 percent NaOH solution 
lowers the freezing point from 0“ C to about -37° C. Antifreeze can be added at 1 L per 25 L of 
50% NaOH to lower the freezing point from zero to -40° C. Solid NaOH, which may be 
delivered in a 30-kg drum or in bags, is reported by some operators to be cheaper and easier to 
handle than liquid NaOH. 

Tanks housing NaOH can range in volume from 2,000 to 30,000 L. Large tanks are 
usually placed on a cement platform. The discharge line is fixed at the bottom of the tank and 
transports the NaOH solution to the seep, ditch, or pond. The rate of flow is controlled by a gate 
valve placed at the end of the discharge line. 

6 . 3. 1.6 Ammonia 

Ammonia or sometimes called anhydrous (NHj or NH 4 OH) is an extremely hazardous 
chemical that must be handled carefully (Hilton, 1990). A gas at ambient temperatures, NH 3 is 
compressed and stored as a liquid but returns to the gaseous state when released. Ammonia is 
extremely soluble in water and reacts rapidly. It behaves as a strong base and can easily raise the 
pH of receiving water to 9.2. At pH 9.2, it buffers the solution to further pH increases, and 
therefore very high amounts of NH 3 must be added to elevate the pH beyond 9.2. Injection of 
NHj into AMD is one of the quickest ways to raise water pH, It should be injected near the 
bottom of the pond or water inlet because NHj is lighter than water. The most promising aspect 
of using NH 3 for AMD treatment is its cost, especially compared to NaOH. A cost reduction 
figure of 50% to 70% is usually realized when NH 3 is substituted for NaOH (Skousen et al., 
1990). 

Major disadvantages of using NH 3 include: 1) hazards associated with handling the 
chemical, 2 ) uncertainty concerning nitrification, denitrification and acidification downstream, 
and 3) the consequences of excessive application rates (Faulkner, 1990). Specialized training 
and experience are important for the safe use of NH 3 . Companies using NH 3 are required to 
conduct additional analyses such as temperature, total NH 3 -N. and total acidity for discharge 
water and receiving streams. While NH 3 can be effective for Mn removal in many cases, this 
requires careful monitoring and attention, and overapplication of NH 3 often occurs. Therefore, 
in situations where Mn is the ion of primary concern (low Fe, high Mn water), a different 
chemical may be more appropriate (Faulkner. 1990). 

6.3.2 Costs of Treating AMD 

Costs have been developed for five AMD treatment chemicals under four .sets of flow 
and acid concentration conditions (Table 6.2), These conditions are: I) 189 L/min (50 gpm) and 
100 mg/L; 2) 3780 L/min (1000 gpm) and 100 mg/L; 3) 945 L/min (250 gpm) and 500 mg/L; 4) 
3780 L/min (1000 gpm) and 2500 mg/L. These conditions represent a sufficiently wide range 
for valid comparison of the treatment systems. 
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The costs for each technology were divided into installation costs and variable costs. 
Installation costs include piping, system foundation, site preparation, equipment, hardware, and 
labor. Labor costs were based on man hours at a wage scale of $27 an hour. Variable costs 
include reagent cost, annual labor, and maintenance. The amount of reagent was computed using 
acid neutralization formulas presented in Skousen and Ziemkiewicz (1996). Annual labor was 
estimated man-hours to run the system for one year multiplied by $27 an hour. Other variable 
costs include repair costs and electricity (Phipps etal., 1991). 

The prices for the reagents, equipment, and labor were based on actual costs to operators 
in West Virginia in May 1996. The price for each chemical is given in Table 6.1, and varies due 
to whether the material was delivered in bulk or purchased in bags. The net present value (NPV) 
is the value of the total treatment system, plus annual operating and chemical expenses over the 
specified duration of treatment in 1996 USA dollars. A rate of 6 % per year was used to devalue 
the dollar during future years of the treatment period. The annual cost was obtained by 
converting the total system cost (NPV) to an equivalent annual cost so that each system could be 
compared. The parameters used in the analysis were entered in a spreadsheet. 

Use of Na 2 C 03 has the highest labor requirements ( 1 0 hours per week) because the 
dispensers must be filled by hand and inspected frequently (Table 6.2). Caustic has the highest 
reagent cost per mole of acid-neutralizing capacity and Na 2 C 03 has the second highest. 

Hydrated lime treatment systems have the highest installation costs of the five technologies 
because of the need to construct a lime treatment plant and install a pond aerator. However, the 
cost of Ca(OH )2 is very low. The combination of high installation costs and low reagent cost 
make Ca(OH )2 systems particularly appropriate for long-term treatment of high flow/high acid 
condition situations. 

For a five-year treatment period, NH 3 had the lowest annual cost for the low flow/low 
acid situation (Table 6.2). Pebble quicklime was only about $160 per year more expensive than 
the NH 3 system but had lower reagent and higher installation costs. Caustic was third because of 
its high labor and reagent costs, and Na 2 C 03 was fourth due to high labor costs. Hydrated lime 
was the most expensive because of its high installation costs. With the intermediate flow and 
acid cases, NH 3 and CaO systems were by far the most cost effective, with Ca(OH )2 and Na 2 C 03 
next. Caustic was the most expensive alternative at this intermediate flow and acidity condition. 
In the highest flow/acidity category, the Ca(OH )2 and CaO systems are clearly the least costly 
treatment systems, with annual costs of about $250,000 less than NH 3 , the next best alternative. 

6.3.3 Other Aspects of AMD Treatment Technologies 

While the primary AMD chemicals and applications have been discussed, particular 
circumstances may require a different chemical, a combination of chemicals, and particular 
management patterns to implement the most cost effective method, or to meet more stringent 
effluent limits. 

Other chemicals used sparingly in AMD treatment include flocculants or coagulants, which 
increase particle settling efficiency (Table 6.3). These materials are usually limited to cases 
where unique metal compositions require a .specialized treatment system, or where aeration and 
residence time in settling ponds are insufficient for complete metal precipitation. Coagulants 
reduce the net electrical repulsive forces at particle surfaces, thereby promoting consolidation of 
small particles into larger particles. Flocculation aggregates or combines particles by bridging 
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the space between particles with chemicals. Bridging occurs when segments of a polymer chain 
absorb suspended particles creating larger particles (Skousen et al., 1993). 

The most common coagulants and flocculants used in water treatment are alum and 
Fe 2 (S 04 ) 3 . These materials are also called polyelectrolytes and produce highly-charged ions 
when dissolved in water. Anionic polymers dissolve to form negatively-charged ions that arc 
used to remove positively-charged solids. The reverse occurs with cationic flocculants. 
Polyampholytes are neutral, but when dissolved in water release both positively- and negatively- 
charged ions. Flocculants may be added to water as a liquid, or more commonly, placed in water 
as a gelatinous solid ("floe” logs). 

Aeration is the process of introducing air into water. Oxidation occurs when oxygen in 
air combines with metals in the water. Once oxidized, Fe and Mn can come out of solution at pH 
values of 4 and 7, respectively. If the water is not or only partially oxidized, a solution pH of 8 
to 10 is required for precipitation of these same metals. For this reason, aeration of water is a 
major limiting factor in many water treatment systems. If aeration and oxidation were 
incorporated or improved in the treatment system, chemical treatment efficiency would increase 
and costs could be reduced substantially. Oxidants (Table 6.3) are sometimes used to aid in the 
completion of the oxidation process to enhance metal hydroxide precipitation and reduce metal 
floe volume. The hypochlorite products (bleach), H 2 O 2 , and KMn 04 are used in AMD situations 
and have demonstrated very effective oxidation. Calcium peroxide has been shown to oxygenate 
AMD as well as neutralize acidity (Lilly and Ziemkiewicz, 1992). 

After chemical treatment, the treated water flows into sedimentation ponds so metals in 
the water can precipitate. Dissolved metals precipitate from AMD as a loose, open-structured 
mass of tiny grains called "floe". All chemicals currently used in AMD treatment cause the 
formation of metal hydroxide sludge or floe. Sufficient residence time of the water, which is 
dictated by pond size and depth, is important for adequate metal precipitation. Hilton (1993) 
found pond size to be too small on most AMD treatment sites to result in complete treatment of 
the water and precipitation of dissolved metals. The amount of metal floe generated by AMD 
neutralization depends on the quality and quantity of water being treated, which in turn 
determines how often the ponds must be cleaned. Knowing the chemical and AMD being 
treated will help determine the general floe properties and will provide an estimate of the 
stability of the various metal compounds in the floe. 


Table 6.2. Costs in 2000 of five chemicals to treat acid mine drainage in West Virginia. 
The analysis is based on a five-year operation period and includes chemical reagent costs, 
installation and maintenance of equipment, and annual operating costs. The “Bulk” 
chemical prices in Table 6.1 were used to calculate the reagent costs for only the 189 L/min 
flow. The “Bulk” prices were used for higher flows. Neutralization efficiencies were not 
included in the reagent cost calculation. 


Flow and Acidity Conditions 
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Flow (L/min) 

189 

3780 

945 

3780 

Acidity (mg/L) 

100 

100 

500 

2500 


Chemical 


Soda Ash 


reagent costs 

$3,73! 

$44,000 

$58,300 

$1,166,000 

repair costs 

0 

0 

0 

0 

annual labor 

14,040 

14,040 

14,040 

14,040 

installation costs 

229 

229 

229 

229 

salvage value 

0 

0 

0 

0 

Net present value 

75,052 

244.679 

245,774 

4,911,804 

Annual cost 

$17,817 

$58,086 

$58,346 

$1,166,046 


Ammonia 

reagent costs 

$2,543 

$22,440 

$28,050 

$561,000 

repair costs 

495 

495 

495 

495 

tank rental 

480 

1,200 

1,200 

1,200 

annua! labor 

7,020 

7,020 

7,020 

7,020 

electricity 

600 

600 

600 

600 

installation costs 

1,936 

6,357 

6,357 

6,357 

salvage value 

0 

0 

0 

0 

Net present value 

48,547 

139,117 

162,749 

2.407,725 

Annual cost 

$11,525 

$33,026 

$38,636 

$571,586 


Caustic Soda (20% Liquid) 

reagent costs 

$5,174 

$79,341 

$99,176 

$1,983,520 

repair costs 

0 

0 

0 

0 

annual labor 

7.020 

7,020 

7,020 

7,020 

installation costs 

283 

5,478 

5,478 

5,478 

salvage value 

0 

0 

0 

0 

Net present value 

51.601 

368,398 

451,950 

8,389,433 

Annual cost 

$12,250 

$87,457 

$107,292 

$1,991,636 


Pebble Quicklime 

reagent costs 

$1,478 

$9,856 

$12,320 

$246,400 

repair costs 

500 

2,500 

2,500 

10,000 

annual labor 

6,500 

11,200 

11,200 

11,200 

electricity 

0 

0 

0 

0 

installation costs 

16,000 

80,000 

80,000 

120,000 

salvage value 

0 

5,000 

5,000 

20,000 

Net present value 

49,192 

162,412 

172,790 

1,127,220 

Annual cost 

$11,678 

$38,556 

$41,020 

$267,600 
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Hydrated Lime 


reagent costs 

$814 

$9,768 

$12,210 

$244,200 

repair costs 

1,000 

3,100 

3,500 

10,500 

annual labor 

6,500 

11,232 

11,232 

11,232 

electricity 

3,500 

11,000 

11,000 

11,000 

installation costs 

58,400 

102,000 

106,000 

200,000 

salvage value 

5,750 

6,500 

7,500 

25,000 

Net present value 

94,120 

228,310 

242,809 

1,313,970 

Annual cost 

$22,344 

$54400 

$57,642 

$311,932 


Table 6.3. Chemicals for acid neutralization, coagulation/flocculation, and oxidation 


CHEMICAL 

NAME FORMULA COMMENTS 


Acid Neutralization 


Limestone 


CaCOj Used in anoxic limestone drains and open limestone channels. 
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Hydrated Lime 

Ca(OH)2 

Cost effective reagent, but requires mixing. 

Pebble Quick Lime 

CaO 

Very reactive, needs metering equipment. 

Soda Ash Briquettes 

Na^COa 

System for remote locations, but expensive. 

Caustic Soda 

NaOH 

Very soluble, comes as a solid in drums, beads, or flakes, 
or as a 20 % or 50 % liquid. Cheaper in the liquid form. 

Ammonia 

NH3 or NH4OH 

Very reactive and soluble; also purchased as aqua ammonia. 

Potassium Hydroxide 

KOH 

Similar to caustic. 

Magnesium Hydroxide 

Mg(OH)2 

Similar to hydrated lime. 

Magna Lime 

MgO 

Similar to pebble quicklime. 

Calcium Peroxide 

CaOa 

Used as a neutralizer and oxidant; either powder or briquettes. 

Kiln Dust 

CaO, Ca(OH)2 

Waste product of limestone industry. Active ingredient is CaO 
with various amounts of other constituents. 

FIv Ash 

CaC 03 ,Ca(OH )2 

Neutralization value varies with each product. 


Coaguiants/Floccuiants 

Alum (aluminum sulfate) 
Copperas (ferrous sulfate) 
Ferric Sulfate 

Sodium Alumlnate 

Anionic Flocculants 

Cationic Flocculants 
Polvamphoivtes 

^h(SO^h 

FeSO^ 

Fe 2 (S 04)3 

NaAlOj 

Acidic material, forms Al(OH)3. 

Acidic material, usually slower reacting than alum. 

Ferric products react faster than ferrous. 

Alkaline coagulant. 

Negatively-charged surface. 

Positively-charged surface. 

Both positive and negative charges on surface based on pH. 

Oxidants 



Calcium Hypochlorite 

Ca(CIO)j 

Strong oxidant. 

Sodium Hypochlorite 

NaCIO 

Also a strong oxidant. 

Calcium Peroxide 

Ca02 

Trapzene, an acid neutralizer. 

Hydrogen Peroxide 

H2O2 

Strong oxidant. 

Potassium permanganate 

KMnO, 

Very effective, commonly used. 


Ackman ( 1982 ) investigated the chemical and physical characteristics of AMD floe and 
concluded that each floe varied depending on the nature of the AMD, the neutralization 
chemical, and the mechanical mixing or aeration device used during chemical treatment. He 
stated the most important physical property is the flocDs settleability, which includes both the 
settling rate and final floe volume. Furthermore, Ca(OH)2 and Na2C03 produced granular, dense 
floes versus a more gelatinous, loose floe generated by NaOH or NH3. The chemical 
compositions of floes were generally composed of hydrated Fe^^ or Fe*^ oxyhydroxides, CaS04, 
A1(0H)3 ■6H2O, CaC03 and Ca(HC03)2, with trace amounts of Si, PO4, Mn, Cu, and Zn. 
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Payette et al. (1991), using scanning electron microscope analyses, found that AMD 
neutralized by Ca(OH )2 resulted in the formation of crystalline CaS 04 as well as various 
amorphic metal hydroxides. Amorphic materials are those that have little or no structure and 
order, and have a tendency to dissolve more quickly than crystalline materials under the same 
conditions. Most minerals, on the other hand, show strong order, structure, and crystallinity. 
Amorphic materials may also become ordered or crystalline with time. Payette et al. (1991) 
showed that AMD floe was mostly amorphous at one hr after formation, while crystals were 
observed in the floe 24 hrs after formation. In a series of experiments on floe generation and 
stability. Brown et al. (1994a, b, c) found: 

1 . More floe was produced as the pH of the AMD solution was increased by chemical addition. 

2. Each AMD source was unique in its reaction to four neutralization chemicals. 

3. The amount of floe produced as a function of the amount of chemical added (termed its 
"efficiency") remained about the same across all pH ranges for Ca(OH) 2 , NaOH, and Na 2 C 03 . 
Ammonia became less efficient at high pH. 

4. Sodium carbonate was needed in the highest amount to raise water pH to 7.5 or greater. 

5. Floe volumes were lowest with Na 2 C 03 and highest with Ca(OH )2 after one week of settling. 

6 . Greater settling time caused floe consolidation. 

7. Floes were composed of metals in ratios similar to the metal ratios of the AMD from which it 
was generated. 

8 . Floes were primarily amorphic (having no crystalline structure), except for Na 2 C 03 floes. 

9. Floes collected from ponds on mined areas showed little similarity in composition to floes 
generated with the same AMD and chemical in the laboratory. The field floes had soil particles 
mixed with the chemical floe. 

10. Aging of AMD floes caused more stable floes, thereby decreasing their likelihood of 
releasing metals (Watzlaf and Casson, 1990). The greater stability of aged floes remained even 
after re-introducing the floes into acidic solutions. Aging in a dry environment resulted in better 
floe stability than floes aged under water. Aging also caused floe consolidation. 

Floe disposal options include: 1 ) leaving the floe submerged in a pond indefinitely, 2) 
pumping or hauling floe from ponds to abandoned deep mines or to pits dug on surface mines, 
and 3) dumping floe into refuse piles. Floes pumped onto the surface of land and allowed to age 
and dry is a good strategy for disposal. In its oxidized and dried condition, AMD floes can 
become crystalline and become part of the soil. 

Lovett and Ziemkiewicz (1991) estimated NH 3 chemical costs for a site in West Virginia 
at $72,000 per year and floe handling costs at $486,000 per year. Based on a flow of 378 L/min 
for this site. Brown et al. (1994b) estimated that this site generated approximately 77,900 m^ of 
floe per year. Dividing $486,000 by 77,900 m’ of floe yields a cost of $6.25 per m^ for floe 
handling and disposal on this site. Several mine operators observed that floe handling and 
disposal may cost up to $ 15 per m^. Due to their high water content and the sheer volume of 
material, floe handling costs frequently exceed chemical costs by several times. 

Each AMD is unique and the chemical treatment of any particular AMD source is site 
specific. Each AMD source should be tested with various chemicals by titration tests to evaluate 
the most effective chemical for precipitation of the metals. The costs of each AMD treatment 
system based on neutralization (in terms of the reagent cost, capital investment and maintenance 
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of the dispensing system) and floe disposal should he evaluated to determine the most cost 
effective system. 


6.4 PASSIVE TREATMENT OF ACID MINE DRAINAGE 

Active chemical treatment of AMD to remove metals and acidity is often an expensive, long- 
term proposition. In recent years, a variety of passive treatment systems have been developed 
that do not require continuous chemical inputs and that take advantage of naturally-occurring 
chemical and biological processes to cleanse contaminated mine waters. Passive technologies 
include constructed wetlands, anoxic limestone drains (ALD), successive alkalinity-producing 
systems (SAPS), limestone ponds, and open limestone channels (OLC). Natural wetlands are 
characterized by water-saturated soils or sediments, with supporting vegetation adapted to 
reducing conditions in their rhizosphere. Constructed wetlands are man-made ecosystems that 
mimic their natural counterparts. Often they consist of shallow excavations filled with a flooded 
gravel, soil, and organic matter to support wetland plants, such as Typha, Juncus, and Scirpus sp. 
Treatment depends on dynamic biogeochemical interactions as contaminated water travels 
through the constructed wetland. ALDs are abiotic systems consisting of buried limestone cells 
that passively generate bicarbonate alkalinity as anoxic water flows through. SAPS combine 
treatment concepts from both wetlands and ALDs. Oxygenated water is pre-treated by organic 
matter removing O 2 and Fe*^, and then the anoxic water flows through an ALD at the base of the 
system. Limestone ponds are ponds built over the upwelling of a seep, which are filled with 
limestone for treatment. OLCs are surface channels or ditches filled with limestone. Armoring 
of the limestone with Fe reduces limestone dissolution by 20 to 50%, so longer channels and 
more limestone is required for water treatment. 

At their present stage of development, none of the passive systems can be reliably 
implemented as a single permanent solution for most AMD problems to meet effluent limits. 
Relative to chemical treatment, passive systems require longer retention times and greater space, 
provide less certain treatment efficiency, and are subject to failure in the long-term. However, a 
great many passive systems have realized successful short-term implementation in the field and 
have substantially reduced water treatment costs at many mine sites (Faulkner and Skousen, 
1994), Current research seeks to better understand the dynamically complex chemical and 
biological mechanisms that occur within passive systems that are responsible for AMD 
treatment. Selection of an appropriate passive system is based on water chemistry and flow 
(Figure 6.1) and refinements in design are ongoing. As scientists and practitioners improve 
treatment predictability and longevity of passive systems, they will play a more important role in 
pollution abatement and environmental protection. 

6.4.1 Constructed Wetlands 

Research demonstrates that biological and chemical processes occurring in freshwater 
wetlands improve the chemical composition of AMD introduced into these ecosystems. Huntsman 
et al. (1978) and Wieder and Lang (1982) first noted amelioration of AMD following passage 
through naturally occurring Sphagnum bogs in Ohio and West Virginia. Studies by Brooks et al. 
(1985), Samuel etal. (1988), and Sencindiverand Bhumbla(1988) documented similar phenomena 
in Typha marshes. Although evidence suggests that some wetland plants show long-terrn adaptation 
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to low pH and high metal concentrations (Keith Garbutt, unpublished data, West Virginia 
University), AMD eventually degrades the quality of natural wetlands contrary to federal laws 
designed for wetland protection and enhancement. Such regulations do not govern use of artificially 
constructed wetlands for water treatment, which lead to the suggestion that these engineered systems 
might provide passive low cost, lowmaintenancetreatment of AMD(Kleinmannet al., 1983), Over 
a thousand wetlands have since been constructed to receive AMD from both active mines and 
abandoned mine lands. Highly variable treatment effectiveness and longevity have been observed 
(Dietz etal., 1994; Hedin and Nairn, 1992; Hellieretal., 1994; Kleinmann etal., 1991; Wheeler et 
ah, 1991; Wieder, 1989). Consequently, the US Office of Surface Mining (OSM) will not currently 
allow the use of constructed wetlands as the sole on-site method for AMD treatment (OSM, 1 988). 
However, properly constructed wetlands can reduce effluent concentrations of dissolved metals to 
meet effluent limits and have been effectively utilized at many sites to reduce the costs of 
conventional chemical treatments (Brodie, 1991). 

Most AMD contains dissolved Fe, Mn, and Al. Constructed wetlands successfully 
remove Fe, but Mn and Al removal has been more variable (Stark et ah, 1996). Mechanisms of 
metal retention within wetlands, listed in order of importance, include: 1) formation of metal 
oxides and oxyhydroxides, 2) formation of metal sulfides, 3) organic complexation reactions, 4) 
exchange with other cations on negatively-charged sites, and 5) direct uptake by living plants. 
Other mechanisms may include physical filtration of suspended metal colloids and 
adsorption/exchange of metals onto algal mats. Other beneficial reactions in wetlands include 
generation of alkalinity due to microbial mineralization of dead organic matter, microbial 
dissimilatory reduction of Fe oxyhydroxides and SO4, and dissolution of carbonates. 

The way in which a wetland is constructed ultimately affects how water treatment occurs. 
Two construction styles currently predominate: 1) "aerobic" wetlands consisting of Typha and 
other wetland vegetation planted in shallow (<30cm), relatively impermeable sediments 
comprised of soil, clay or mine spoil, and 2) "anaerobic" wetlands consisting of Typha and other 
wetland vegetation planted into deep (>30cm), permeable sediments comprised of soil, peat 
moss, spent mushroom compost, sawdust, straw/manure, hay bales, or a variety of other organic 
mixtures, which are often underlain or admixed with limestone. 

6.4. 1.1 Aerobic Wetlands 

Aerobic wetlands promote metal oxidation and hydrolysis, thereby causing precipitation 
and physical retention of Fe, Al, and Mn oxyhydroxides. Successful metal removal depends on 
dissolved metal concentrations, dissolved oxygen content. pH and net acidity of the mine water, 
the presence of active microbial biomass, and detention time of the water in the wetland. The pH 
and net acidity/alkalinity of the water are particularly important because pH influences both the 
solubility of metal hydroxide precipitates and the kinetics of metal oxidation and hydrolysis. 
Hydrolysis lowers pH, so alkalinity in the water buffers the pH and allows oxidation to continue. 
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SCHEME FOR PASSIVE TREATMENT OF MINE DRAINAGE 



DISCHARGE 


Figure 6.1. Flowchart for selecting a passive AMD treatment system based on water 
chemistry and flow (adapted from Hedin and Nairn, 1992). 


Autooxidation reaction rates decrease a hundred-fold with each unit drop in pH. This 
decrease is partially compensated for by microbial Fe oxidation at pH ranges from 1 to 4. 
Following Fe oxidation, abiotic hydrolysis reactions precipitate Fe’^^ Therefore, aerobic 
wetlands are best used in conjunction with water that contains net alkalinity to neutralize metal 
acidity. Abiotic Mn oxidation occurs at pH >8 while microorganisms are thought to catalyze this 
reaction at pH > 6 (Wildeman et al., 1991). Manganese precipitation occurs much more slowly 
than Fe and is sensitive to the presence of Fe*‘, which causes chemical reduction of oxidized 
Mn. Consequently in aerobic net alkaline water, Fe and Mn precipitate sequentially, not 
simultaneously, with the practical result that several staged aerobic wetlands must be constructed 
in series if removal of both metals is to be attempted. 
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Brodie and co-workers at the Tennessee Valley Authority (TVA) have reported 
extensively on their use of staged aerobic wetlands to treat AMD generated by mine spoils, coal 
slurries, and coal ash (Brodie et al., 1993). A typical staged design might include an ALD (see 
next section) to passively add alkalinity to the source AMD, a settling basin to hold precipitated 
Fe floes, followed by two or three aerobic wetland cells to sequentially remove additional Fe and 
Mn, TVA currently operates nine wetlands receiving moderate quality AMD (total Fe < 70 
mg/L; total Mn < 17 mg/L; alkalinity 35 to 300 mg/L as CaCOs), which require no further post- 
system treatment of water exiting the w'etlands. Four TVA wetlands are associated with high Fe 
(>170 mg/L) and low influent alkalinity with resultant production of high metal acidity and low 
pH water. Two of these systems require NaOH treatment to comply with NPDES effluent limits, 
while two others use ALDs for further treatment of the effluent. A final TVA wetland system 
receives low Fe (<0.7 mg/L) and Mn (5.3 mg/L) and is ineffective in Mn removal. Based on 
their experience with these systems since 1985, Brodie suggests that staged aerobic wetland 
systems can accomodate Fe loads of up to 21 GDM (grams/day/m^) even in the absence of 
excess alkalinity. Manganese loads up to 2 GDM can be accomodated if alkalinity is present. 

Long-term successful treatment by a staged aerobic wetland also has been reported for 
net alkaline water (total Fe 89 mg/L; alkalinity 88 mg/L as CaCOj) at the Simeo constructed 
wetland near Coshocton, OH (Stark et al., 1994). Analysis of 73 sites in Pennsylvania suggested 
that constructed wetlands are the best available technology for many postmining ground water 
seeps, particularly those of moderate pH (Hellier et al., 1994). 

6.4. 1.2 Anaerobic Wetlands 

Anaerobic wetlands promote metal oxidation and hydrolysis in aerobic surface layers, but 
primarily rely on chemical and microbial reduction reactions to precipitate metals and neutralize 
acidity. The water infiltrates through a thick permeable organic subsurface sediment that 
becomes anaerobic due to high biological oxygen demand. Several additional treatment 
mechanisms function, including metal exchange and complexation reactions, formation and 
precipitation of metal sulfides, microbially generated alkalinity due to reduction reactions, and 
continuous formation of carbonate alkalinity due to limestone dissolution under anoxic 
conditions. Since anaerobic wetlands produce alkalinity, their use can be extended to poor 
quality, net acidic, low pH, high Fe, and high dissolved oxygen (>2 mg/L) AMD. However, 
Wieder (1992) documents that the mechanism and efficiency of AMD treatment varies 
seasonally and with wetland age. Microbial mechanisms of alkalinity production are likely to be 
of critical importance to long-term AMD treatment. When wetlands receive high acid loads 
(>300 mg/L), the pH sensitive microbial activities are eventually overwhelmed. Therefore, like 
their aerobic counterparts, anaerobic wetlands are most successful when used to treat small 
AMD flows of moderate water quality. At present, the sizing value for Fe removal in these 
wetainds is 10 GDM (Hedin and Nairn, 1992). 

Sorption onto organic materials (such as peat and sawdust) can initially remove 50 to 
80% of the metals in AMD (Brodie et al., 1988). Five different substrates (clay, topsoil, mine 
spoil, acid wetland soil, and non-acid wetland soil) with vegetation were no different in Fe 
removal than these materials without vegetation after one growing season (Brodie et al., 1988). 
This finding suggests that a particular substrate material, as long as it has metal retention 
capabilities, may not be as important as the conditions created by wetland plants and the 
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presence of an anaerobic zone. Kleinmann et al. (1991) suggested adsorption and complexation 
by organic substrates may compensate for limited initial biological activity during the first few 
months of operation in a new wetland system. In a laboratory simulation, Henrot and Wieder 
(1990) observed that organic complexation in peat mesocosms was a significant retention 
mechanism during initial application of AMD, but saturated at 12 mg Fe per gram dry peat. 

They found little to no contribution by cation exchange reactions. A subsequent field study, 
which examined five wetland substrate types over a 25-month period, also demonstrated that 
exchange reactions were an insignificant sink for metal cations regardless of substrate type 
(Wieder, 1 993). Organic complexation saturated the substrate after only 1 to 7 months of AMD 
input at 9 to 1 7 mg Fe per gram substrate. Although some natural inputs of organic matter occur 
annually at plant senescence, the physical filtering capacity of a wetland will ultimately be finite 
as all exchange and complexation sites become metal saturated. Substantial artificial inputs of 
organic matter have been used as a successful strategy to temporarily renew this filtering 
capacity, following an observed decline in wetland performance (Eger and Melchert, 1992; 
Haffner, 1992; Stark etal., 1995). 

Insoluble precipitates such as oxyhydroxides, carbonates, and sulfides represent a major 
sink for metal retention in wetlands. Unlike exchange and complexation reactions, metal 
precipitate retention has no theoretical maximum, but is limited in reality by the physical density 
and volume of the material produced. For example, compared to diffuse amorphous Fe 
oxyhydroxides, Fe mono and disulfides are compact and dense precipitates, which occlude less 
wetland pore space volume per unit of Fe retained. The long-term stability of metal precipitates 
is unclear. Ferric hydroxides can be reduced with time to Fe*^ by anaerobic Fe-reducing bacteria 
in the wetland. Similarly, the use of Fe*^ as a pyrite oxidant under anaerobic conditions would 
result in Fe^^ in wetland effluents. About 50 to 70% of the total Fe removed from AMD by 
wetlands is found as Fe'^^ hydroxides (Henrot and Wieder, 1990; Calabrese et al., 1991; Wieder, 
1992). Oxyhydroxide formation depends both on the availability of dissolved oxygen and on the 
inital oxidation state of Fe in the AMD. Oxygen must be present for Fe^^ oxidation, whether it 
occurs abiotically or by Thiobacillus sp., so AMD often contains a mixture of Fe'^^ and Fe'^^ 
However, Wieder (1993) reported significant retention of Fe*^ oxyhydroxides in anaerobic 
wetlands due to the preponderance of dissolved Fe*^ In their source AMD. Once Fe^^ is present, 
then oxygen is unnecessary for hydrolysis to the oxyhydroxide. When estimating oxyhydroxide 
formation, attention to laboratory procedures are essential to avoid analytical artifacts. 
Conventional aerobic extractions (Flenrot and Wieder, 1990) can overestimate oxide formation 
by 10 to 20% compared with similar extractions performed under anaerobic conditions 
(Bhumbla et al., 1991; Calabrese etal., 1994). 

Up to 30% of the Fe retained in wetlands may be found as reduced Fe and may be 
combined with sulfides (Calabrese et al., 1991; McIntyre and Edenborn, 1990; Wieder, 1992). 
iron mono and disulfides form as a result of H 2 S formation by microbial sulfate reduction in the 
presence of an oxidizable carbon source. In addition to its metal removal potential, sulfate 
reduction consumes acidity and raises water pH (Hedin and Nairn, 1992; Rabenhorst et al., 

1992). In naturally occurring freshwater wetlands or lake sediments, sulfate reduction would not 
be expected to be a predominate process since sulfate concentrations are usually low in these 
ecosystems. High sulfate concentrations (200 to 2000 mg/L) are common in AMD and 
availability of this anaerobic electron acceptor results in selective enrichment for sulfate- 
reducing bacteria (SRB). Resulting activity of these bacteria In constructed wetlands has been 
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documented at levels comparable to coastal marine sediments (i.e, 250 nmoles per gram per 
day)(Calabrese et at., 1991). Acidophilic strains are unknown, therefore constructed wetlands 
must provide protected niches for SRB to flourish and persist. Wieder (1992) reported transitory 
activity of SRB during the first year of wetland operation with very acidic AMD, but found the 
bacteria to be distributed throughout the entire wetland, including near-surface sediments. 
McIntyre and Edenborn (1990) and Calabrese et al. (1994) report persistence of SRB activity for 
longer periods, particularly in deep sediments adjacent to zones of subsurface limestone 
dissolution. 

A variety of wetland substrates have been shown to provide sufficient dissolved organic 
carbon to support SRB activity, including non-traditional but increasingly available materials 
such as composted chicken litter (Gross et al., 1993). Wieder (1992) found greater rates of SRB 
activity in straw/manure or mushroom compost wetland substrates than peat. Inorganic FeSx and 
organic sulfur (produced by attachment of S'^ or HS' to organic matter) were dominant products 
of sulfate reduction in SphagnumlXimesXone and straw/manure vs Sphagnum alone and 
mushroom compost wetlands, respectively (Wieder and Lang, 1982; Taddeo and Wieder, 1991). 
Based on their inorganic S data, Calabrese et al. (1991) and Rabenhorst et al. (1992) estimate 
that 30% of the total Fe retained was due to SRB activity. Bhumbla et al. (1991), working with 
direct measurement of extractable Fe pools, estimated that 15% of the Fe retained could be 
formed as sulfides. 

Long-term retention of Fe sulfides and Fc oxyhydroxides in a wetland are not well 
understood. Under continued anoxic conditions and in the absence of soluble Fe*^, pyrite should 
remain stable. Indeed, Calabrese et al. (1994) changed the influent to their anaerobic wetland 
from AMD to freshwater with no concomitant export of Fe^^. Since their effluent pH was 
greater than pH 6 due to continued limestone dissolution, dissimilatory Fe reduction in surface 
sediments may have been inhibited (Wieder, 1994). Dissimilatory Fe-reducting bacteria (IRB) 
are important anaerobic microorganisms that occur in anoxic sediments (Lovely, 1993). These 
bacteria use soluble carbon as an energy source and solid Fe*^ oxyhydroxide as an electron 
acceptor, producing soluble Fe*^ and alkalinity as important reaction products. If SRB and IRB 
compete for the same carbon source in the presence of excess sulfate and Fe"^^ oxyhydroxide, 
then IRB will competitively exclude SRB as the dominant microbial population (Chapelle and 
Lovely, 1992). Since Fe'*'^ oxyhydroxides commonly accumulate in surface waters of AMD 
wetlands adjacent to anoxic subsurface sediments, it is reasonable that such competition occurs. 
Vile and Wieder (1993) suggested that nocturnal Fe*^ export resulted both from dissimilatory Fe 
reduction and pyrite reoxidation. Both processes were probably inhibited during daylight by 
oxygenic photosynthesis of cyanobacteria and green algae resulting in net Fe"^^ export, since 
influent AMD was 90% Fe*^ Vile and Wieder (1993) note that those SRB and IRB activities 
produce significant alkalinity, but that hydrolysis of Fe*^ and pyrite reoxidation are sources of 
acidity. In their systems, microbial mechanisms of alkalinity generation were overwhelmed after 
two years of AMD exposure. These data suggest that microbial populations, thought to be as 
numerous in non-AMD impacted wetlands as in their natural counterparts (Duncan and 
Groffman, 1994), may gradually decrease in magnitude and diversity with time of AMD 
treatment, though there are many systems that show no decline in performance after several 
years. Some workers have indicated that wetland systems can be seeded with functional 
microorganisms (Davison, 1993) to introduce or re-establish microbial activity. Flowever, 
experiments utilizing appropriate controls have not established the efficacy of this approach. 
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Experience with bioremediation of other wastes suggests that selection and enrichment of 
naturally-occurring microbial populations is a superior, more cost-effective approach 
(Alexander, 1993). 

Calabrese et al, (1991) noted that their experimental wetlands continued to produce 
circumneutral effluent high in soluble Fe even after interstitial water within the organic substrate 
was significantly acidified. They suggested that the wetland had begun to function in a manner 
analogous to an anoxic limestone drain where AMD contained no dissolved oxygen and 
predominantly Fe^^ passively obtains carbonate alkalinity during passage through the limestone 
bed underlying the wetland. Their data show that heterotrophic oxygen consumption, 
dissimilatory Fe reduction and/or pyrite reoxidation continued to function in the wetland, since 
influent water contained measurable dissolved oxygen and mixtures of both Fe*^ and Fe^^. 

Relatively little work exists on the appropriate selection of plant species for wetlands, yet 
this can have important implications for the long-term success of a project. In constructed 
wetlands, higher plants serve several purposes including: substrate consolidation, metal 
accumulation, physical filtration of metal precipitates, stimulation of microbial processes, 
wildlife habitat, and aesthetics. 

Wetland plant species vary in their ability to accumulate metals (Fernandes and 
flenriques, 1990). Some reports document elevated tissue concentrations (Spratt and Wieder, 
1988), while others show little metal accumulation (Folsom et al., 1981). On an annual basis, 
uptake by Typha accounted for less than 1% of the Fe removed by volunteer wetlands treating 
AMD (Sencindiver and Bhumbla, 1988). While it may be true that metal concentration and 
accumulation in plant tissues may be small in any one year, plant tissue is a renewable resource. 
Old tissue is senesced yearly and new tissue, with new sites for metal accumulation, is produced. 
Thus, over the entire life of a wetland, plants may accumulate a significant portion of metals 
received in a wetland. 

Several studies report on the effects of different plant species in wetlands. Sphagnum 
was the predominant wetland species found in AMD-treating wetlands and Sphagnum has a 
well-documented capacity to accumulate Fe (Gerber etal., 1985; Wenerick et al., 1989). 
However, Spratt and Wieder (1988) found that saturation of Sphagnum moss with Fe could occur 
within one growing season. Some have indicated that metal retention over the long term is 
limited in some wetlands because organic matter inputs by wetland plants is limited (Kleinmann, 
1990). Many of the original constructed wetlands were vegetated with Sphagnum but few 
remained effective. Cattails (Typha) have been found to have a greater environmental tolerance 
than Sphagnum moss (Samuel et al., 1988). One of the reasons is cattails do not accumulate 
metals into their tissues through uptake. Sencindiver and Bhumbla (1988) found that cattails 
growing in AMD-fed wetlands did not have elevated concentrations of metals in plant tissues. 
Algae and a few other wetland species have also received attention due to the observation that 
enhanced metal removal was associated with algal blooms (Hedin, 1989; Kepler, 1988; 

Pesavento and Stark, 1986). In Colorado, algal mixtures were found to aerobically remove Mn 
from mine drainage (Duggan et al., 1992), presumably due to elevated pH resulting from algal 
growth. Probably the most important role that wetland plants serve in AMD treatment systems 
may be their ability to stimulate microbial processes. Kleinmann et al. (1991) explain that plants 
provide sites for microbial attachment, release oxygen from their roots, and supply organic 
matter for heterotrophs. 

With any constructed wetland, it is important to allow the plants to establish for some 
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time with uncontaminated water before AMD is applied to the system. Plants can suffer 
"transplantation shock", which can make them particularly susceptible to any environmental 
shock. Immediate inundation with AMD will certainly slow growth and development and in 
some cases may kill the entire wetland. If a wetland is built during the early to middle part of 
the growing season, the plants should be given one to two months to establish prior to AMD 
introduction. If a system is constructed late in the growing season, AMD flow should not begin 
until the next growing season. 

Current practice is to plant a fairly dense monoculture of Typha. As passive treatment 
systems get bigger, the number of plants needed and the manpower required to plant them can 
lead to prohibitive expense. So some planting designs that do not fill the wetland with plants at 
its creation should be considered. Volunteer species are important components in some 
constructed wetland systems, but these are not generally part of the initial matrix from which a 
wetland will develop. 

The choice of wetland species should be based on a knowledge of local conditions and 
the relative ability of species to tolerate the conditions found in a particular watershed and their 
ability to provide the functions listed above. For example, Typha angustifolia is extremely rare 
in West Virginia, although it is common in surrounding states. Thus a wetland planted with T. 
angustifolia in West Virginia is unlikely to flourish, while Typha latifolia does well. Similarly 
T. angustifolia and T. latifolia have different niches with respect to water depth. In general, the 
water depths usually employed in wetland systems are more suitable for T latifolia than T. 
angustifolia. It should also be noted that since AMD is extremely variable, a plant community 
that thrives in one location may be completely inappropriate in a second nearby location if the 
composition of the AMD is different. 

6.4.2 Anoxic Limestone Drains 

Anoxic limestone drains (ALDs) are buried cells or trenches of limestone into which 
anoxic water is introduced. The limestone dissolves in the acid water, raises pH, and adds 
alkalinity. Under anoxic conditions, the limestone does not coat or armor with Fe hydroxides 
because Fe"^^ does not precipitate as Fe(OH) 2 at pH 6.0. ALDs were first described by 
theTennessee Division of Water Pollution Control (TDWPC) (Turner and McCoy, 1990). 
Tennessee Valley Authority (TV A) subsequently observed that AMD seeping through a coal 
refuse dam was being treated passively by limestone contained in an old haul road buried under 
the dam. Once the water containing excess alkalinity reaches aerobic conditions at the ground 
surface, the metals oxidize and precipitate while the water remains near pH 6 (Brodie et al., 

1 990). TVA and TDWPC began building ALDs in 1 989. Originally, ALDs were used for pre- 
treatment of water flowing into constructed wetlands. Brodie et al. (1993) reported that ALDs 
improved the capability of wetlands to meet effluent limitations without chemical treatment. 
Since 1990, ALDs have also been constructed as stand-alone systems, particularly where AMD 
discharges from deep mine portals. Faulkner and Skousen ( 1 994) reported both successes and 
failures among 1 1 ALDs treating mine water in West Virginia. In all cases, water pH was raised 
after ALD treatment but three of the sites had pH values <5.0, indicating that the ALD was not 
fully functioning. When working correctly, the pH values of water in ALDs should achieve 6.0. 
Water acidity in these drains decreased 50 to 80%, but Fe and Al concentrations in the outflow, 
unfortunately, were also decreased. Ferric iron and Al will precipitate as hydroxides at this pH. 
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With Fe and Al decreases in outflow water, it is probable that some coating or clogging of 
limestone is occurring inside the ALD. 

Longevity of treatment is a major concern for ALDs, especially in terms of water flow 
through the limestone. Eventual clogging of the limestone pore spaces with precipitated Al and 
Fe hydroxides, and gypsum is predicted (Naim etal., 1991), For optimum performance, no Fe*\ 
dissolved oxygen (DO), or Al should be present in the AMD. Selection of the appropriate water 
and environmental conditions is critical for long-term alkalinity generation in an ALD. 

Since most AMD has mixed amounts of Fe*^ and Fe^^ and some DO, utilization of an 
ALD under these conditions compromises the effectiveness and longevity of the system. Current 
research involves pre-treatment of AMD with an anaerobic wetland to strip oxygen from the 
water and to convert Fe*^ to Fe^^ (Kepler and McCleary, 1994; Skousen, 1995). The anoxic 
water after passing through an anaerobic organic substrate wetland can then be directed 
downward into underlying limestone or introduced into an ALD. There are still many questions 
relative to the longevity of ALDs and the factors involved in limestone dissolution and metal 
precipitation in ALD environments. Like wetlands, ALDs may be a solution for AMD treatment 
for specific water conditions or for a finite period after which the system must be replenished or 
replaced. 

6.4.3 Successive Alkalinity-Producing Systems 

Recently, successive alkalinity producing systems (SAPS) have been implemented in the 
field (Kepler and McCleary, 1994). Acid water, from.l to 3 m, is ponded over an organic 
compost of 0,2 to 0.3 m, which is underlain by 0.5 to 1 m of limestone. Below the limestone is a 
series of drainage pipes that convey the water into an aerobic pond where metals are precipitated. 
The hydraulic head drives ponded water through the anaerobic organic compost, where oxygen 
stripping as well as Fe and sulfate reduction can occur prior to water entry into the limestone. 
Water with high metal loads can be successively cycled through additional SAPS. Iron and Al 
clogging of limestone and pipes can be removed by flushing the system (Kepler and McCleary, 
1997). 

6.4.4 Limestone Ponds 

Limestone ponds can be constructed over an AMD upwelling, seep or underground mine 
discharge. Limestone is placed in the bottom of the pond and the water flows upward through 
the limestone (Skousen et al., 1 995). Based on the topography of the area and how the water 
emanates from the ground, the pond can be built to pond water from I to 3 m deep, containing 
0.3 to 1 m of limestone immediately overlying the seep. The pond should be sized and designed 
to retain the water for 12 to 24 hrs for limestone dissolution, and to keep the seep and limestone 
under water. If limestone coating occurs by Al or Fe hydroxides, the limestone in the pond 
could be periodically disturbed with a backhoe to either uncover the limestone or to knock or 
scrape off the precipitates. If the limestone is exhausted by dissolution, then a load of fresh 
limestone can be dumped into the pond over the seep. 

6.4.5 Open Limestone Channels 
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Open limestone channels (OLCs) are another means of introducing alkalinity to acid 
water (Ziemkiewicz et al, 1994). Past assumptions have held that armored limestone (limestone 
covered or coated with Fe or Al hydroxides) ceases to dissolve. Ziemkiewicz et al. (1997) found 
armored limestone to be 50 to 90% effective in neutralizing acid compared to unarmored 
limestone, and seven OLCs in the field reduced acidity in AMD by 4 to 62% compared to a 2% 
acid reduction in a sandstone channel. Open limestone channels show promise for neutralizing 
AMD in watershed restoration projects and AML reclamation project where one-time 
installation costs are incurred, little to no maintenance is required, and systems do not have to 
meet specific water quality standards. Long channels of limestone can be used to convey acid 
water to a stream or other discharge point. Based on flows and acidity concentrations, cross 
sections of stream channels (widths and heights) can be designed with calculated amounts of 
limestone (which will become armored) to treat the water. Open limestone channels work best 
where the channel is constructed on steep slopes (>20%) and where flow velocities keep metal 
hydroxides in suspension, thereby limiting their precipitation and plugging of limestone pores in 
the channel. Utilizing OLCs with other passive systems can maximize treatment and metal 
removal. If constructed correctly, OLCs should be maintenance free and provide AMD 
treatment for decades. 


6.5 SUMMARY 

Acid mine drainage occurs when geologic materials containing metal sulfides are 
exposed to oxidizing conditions. Subsequent leaching of reaction products into surface waters 
pollute over 20,000 km of streams in the USA alone. Mining companies must predict the 
potential of creating AMD on their operations before disturbance by using overburden analyses. 
On sites where a potential exists, special handling of overburden materials and quick coverage of 
acid-producing materials in the backfill should be practiced. Alkaline addition with materials 
such as kiln dust and FBC ash has shown favorable results in reducing or completely eliminating 
AMD problems. Placing acid-producing materials under dry barriers effectively isolates these 
materials from air and water. While not practiced much in the USA, placing acid-producing 
materials under water has shown good success in other regions where complete inundation is 
assured. Bactericides are useful in preventing AMD temporarily until a long-term control 
technology like a barrier is emplaced. Since many sites have produced AMD for decades before 
laws were passed, much effort has been concentrated on controlling AMD from abandoned mine 
sites. Injection of alkaline materials into underground mines and buried pods of acid material in 
surface mine backfills, remining of abandoned areas, and alkaline recharge trenches are AMD 
control technologies being tested currently. 

Chemicals used for treating AMD after formation are Ca(OH) 2 , CaO, NaOH, Na 2 C 03 , 
and NHj. Each chemical has advantages for certain water conditions and treatment. Caustic is 
generally used when Mn is the primary element to be removed from the water. Under low flow 
situations, all of the chemicals except Ca(OH )2 are cost effective. Under high flow situations, 
Ca(OH )2 and CaO are clearly the most cost effective due to low reagent cost compared to the 
other chemicals. Coagulants, flocculants, and oxidants are used in water treatment to meet more 
stringent effluent limits and to aid in floe settling efficiency. Floe, the metal hydroxides 
collected in ponds after chemical treatment, are disposed of in abandoned deep mines, refuse 
piles, or left in collection ponds. Studies show that floes are relatively stable materials and 
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metals contained therein do not resolubilize after disposal, especially if aged and dried. 

Wetlands treat AMD by removing metals through: 1) formation of oxyhydroxides, 
formation of metal sulfides, exchange and organic complexation reactions, and direct plant 
uptake. Aerobie wetlands are used when water contains enough alkalinity to promote metal 
precipitation. Anaerobic wetlands are designed when AMD contains no alkalinity, and alkalinity 
is generated in these systems by microbial sulfate reduction and limestone dissolution in 
anaerobic sediments. Anoxic limestone drains use limestone under anoxic conditions to generate 
alkalinity. Under anoxia, limestone theoretically will not be coated or covered with Fe*^ 
hydroxides in the drain, decreasing the likelihood of clogging. Successive alkalinity-producing 
systems pre-treat oxygenated AMD with organic matter to remove oxygen and Fe*^. The water 
is then introduced into an ALD or limestone underneath the organic matter. Open limestone 
channels use limestone in aerobic environments to treat AMD. Coating of limestone occurs but 
the limestone continues to dissolve and the reduced effectiveness of limestone dissolution is 
designed into the AMD treatment system. At present, most passive systems offer short-term 
treatment possibilities after which the system must be recharged or replaced. Further, few 
passive systems attain NPDES effluent limits and therefore are more practical for installation on 
abandoned sites or watershed restoration projects where effluent limits do not apply and where 
some removal of acid and metals will benefit stream restoration. 
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Abstract Southern Appalachian forests are 
predominantly interior because they are spatially 
extensive with little disturbance imposed by other 
uses of the land. Appalachian mountaintop min- 
ing increased substantially during the 1990s, pos- 
ing a threat to the interior character of the forest. 
We used spatial convolution to identify interior 
forest at multiple scales on circa 1992 and 2001 
land-cover maps of the Southern Appalachians. 
Our analyses show that interior forest loss was 
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1.75-5.0 times greater than the direct forest loss 
attributable to mountaintop mining. Mountaintop 
mining in the southern Appalachians has reduced 
forest interior area more extensively than the 
reduction that would be expected based on 
changes in overall forest area alone. The loss of 
Southern Appalachian interior forest is of global 
significance because of the worldwide rarity of 
large expanses of temperate deciduous forest. 

Keywords Appalachian mountains • Coal 
mining • Edge effects • Forest loss • Interior forest 

Introduction 

The increase in Appalachian mountaintop mining 
(Table 1) was fostered by the confluence of tech- 
nological innovation and the 1990 amendments to 
the Clean Air Act (Fox 1999; Szwiiski et al. 2001; 
Burns (2005). Tighter restrictions on emissions 
included in the 1990 amendments to the Clean Air 
Act prompted the mining and electrical generation 
industries to favor sources of low-sulfur coal from 
the Appalachian region at about the same time that 
development of larger and more efficient machin- 
ery became available for excavation and removal. 
These mining activities are occurring predomi- 
nantly in the Southern Appalachians, centered on 
southern West Virginia, eastern Kentucky and 
southwestern Virginia (US EPA 2005), 
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Table 1 Mountaintop mining methods 

Steep-slope mining: coal mining and reclamation on natural slopes that exceed 20° , or on lesser slopes that require measures 
to protect the area from disturbance, as determined by the regulatory authority after consideration of soils, climate, the 
method of operation, geology, and other regional characteristics (30 CFR 716.2). Variances are provided so that reclamation 
does not have to return the land to its approximate original contour (AOC). 

Source; Office of Surface Mining (4 August 2006; http://www.osmre.gOv/rules/subchapterb.htm#V) 

Mountaintop removal: coal mining and reclamation that remove entire coal seams running through the upper fraction of a 
mountain, ridge, or hill by removing all of the overburden and creating a level plateau or gently rolling contour. Variances 
are provided so that reclamation does not have return the land to its AOC (30 CFR 716.3). 

Source: Office of Surface Mining (4 August 2006; http://www.osmre.gOv/rules/subchapterb.htm#V) 

Contour mining: A method typically used in mountainous areas of the eastern United States where coal seams are exposed 
in outcrops on hillsides and mountainsides. Mining that follows a coal seam along the side of a hill. 

Sources: Office of Surface Mining (4 August 2006; http;//www.osmre.gov/color5.htm) 

Area Mining: A surface mining method that used in level to gently rolling topography or on relatively large tracts of land. 
Active area mine pits may be several miles long. 

Source: Office of Surface Mining, Glossary; Acronyms and Terms (4 August 2006; http://arcc.osmre.gov/Glossary.asp) 


The expansion of mountaintop mining in the 
Southern Appalachian region during the 1990s 
ultimately led to a lawsuit (Bragg versus Rob- 
ertson, Civil Action No. 2:98-0636 US District 
Court, Southern District of West Virginia) in 
which the West Virginia Highlands Conservancy 
sued the West Virginia Department of Environ- 
mental Protection and the US Army Corps of 
Engineers alleging that deposition of mining spoil 
in nearby stream valleys violated the Clean Water 
Act (CWA) and Surface Mining Control and 
Reclamation Act (SMCRA) (US EPA 2005; 
TLPJ 1999). This court case and concerns ex- 
pressed by other public and private entities re- 
sulted in an environmental impact assessment of 
mountaintop mining activities (US EPA 2005). 
Presumably because of the ongoing litigation, the 
environmental impact assessment focused pri- 
marily on watershed and water-quality impacts 
from depositing the overburden (rock overlying a 
coal seam) in nearby stream valleys, but also 
considered affects on: (1) groundwater and dis- 
charge; (2) interior forest birds; (3) noise and dust 
pollution and their potential impacts on human 
health, (4) success of re-vegetation of reclaimed 
mine sites, and several other factors (US EPA 
2005). However, loss of interior forest per se was 
not considered as an environmental impact (US 
EPA 2005). 

The ecological relevance of interior forest loss 
is equal to loss of water quality or interior forest 
birds. A host of ecological changes occur when 
forest changes from interior to edge (Laurance 


et al. 2002; Harper et al. 2005). Interior and edge 
forests are different in their composition, struc- 
ture, and the ecological processes that govern 
them. Much of the forest cover throughout the 
Appalachians is interior because the forest is 
spatially extensive with little disturbance imposed 
by other uses of the land (Vogelmann et al. 2001; 
Riitters et al. 2002). Mountaintop mining poses a 
genuine threat to the interior character of 
Appalachian forests, and the threat is also glob- 
ally significant because spatially extensive tem- 
perate deciduous forest is rare worldwide 
(Riitters et al. 2000). 

The threat to Appalachian forests from 
mountaintop mining is compounded by the loss of 
the keystone (sensu O'Neill and Kahn 20{X)) 
ecological goods and services (Westman 1977; 
Costanza et al. 1997) they provide. There is less 
nutrient pollution to aquatic systems (Beaulac 
and Reckhow 1982; Frink 1991; Jones et al. 2001; 
Wickham et al. 2005), more moisture in the 
atmosphere (Hayden 1998; Pielke et al. 2002; 
Marshall et al. 2004), and a greater amount of 
habitat (SAMAB 1996; Robinson et al. 1995; 
Fahrig 2002) when the forest is spatially extensive 
and hence interior. The Appalachian region’s 
recognized floral and faunal diversity (both 
aquatic and terrestrial) (Hinkle et al. 1993; 
SAMAB 1996; Pickering et al. 2003) is supported 
by the spatially extensive character of its forests. 

The amount of interior forest loss is greater 
than the amount of forest loss resulting from a 
land-cover conversion because of spatial proxim- 
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ity (Skole and Tucker 1993; Weakland and Wood 
2005). Interior forest that is adjacent to an area 
where forest is converted to another use loses its 
interior character because of the introduction of 
nonforest edges even though there was no “di- 
rect” conversion of the interior forest itself. In 
this report we will show that the loss of interior 
forest to mountaintop mining is greater than the 
amount of direct forest loss attributable to the 
practice. We will also show that the ratio of 
interior forest loss to forest loss increases as the 


impact of the disturbance (mountaintop mining) 
is considered over larger spatial scales. 


Methods 

We used temporal Landsat TM imagery (Fig. 1) 
and land cover from the circa 1992 and 2001 
National Land Cover Databases (Vogelmann 
et at. 2001; Homer et al. 2004) to assess the im- 
pact of mountaintop mining on interior forest 


Fig. 1 False-color 
composite images of 
portions of Boone and 
Lincoln Counties in 
southern West Virginia 
for 1992 (A), 2001 (B), 
and 2001 with forest loss 
in yellow (C). Landsat 
TM bands 4, 5, and 7 are 
displayed in the red, 
green, and blue channels, 
respectively 
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loss. Methodological changes in land-cover clas- 
sification between the circa 1992 National Land 
Cover Dataset (NLCD) (Vogelmann et al. 2001) 
and the 2001 NLCD (Homer et al. 2004) required 
additional calibration techniques to provide con- 
sistent land-cover classifications across the dates 
(Fry 2005). The calibration included six major 
steps: (1) both dates of the NLCD were re- 
classified from their approximate Anderson Level 
II to a coarser thematic Anderson Level I to 
establish areas of agreement; (2) areas of agree- 
ment were used as training data to generate 
individual decision-tree classifications (Homer 
et al. 2004) for each date; (3) new Anderson 
Level I classifications were compared to isolate 
types of change (including no change); (4) the 
new change and no change data were filtered with 
confidence thresholds from the decision tree to 
identify from and to labels; (5) the new, highest 
confidence areas (step 4) were used as training 
data for a second stage classification; (6) a final 
composite change map was created incorporating 
all prior intermediate steps. The land-cover 
change data resulting from the six-step calibration 
process were used to detect changes in interior 
forest. 

Changes in Interior forest at multiple spatial 
scales were estimated using image convolution: a 
fixed area window was moved over the land-cover 
maps one pixel at a time, and the number of forest 
pixels was recorded for the location of the center 
(focal) pixel. If a window was completely (100%) 
forested, the focal pixel was, by definition, interior 
for an area at least as large as the window. For 
each date, we tested square windows sizes of 2.25, 
7.29, 65.61, 590.49, and 5,314.41 hectares (ha) 
(5.56, 18.01, 162.13, 1,459.13, and 13,141.47 acres, 
respectively). The corresponding side-lengths of 
the square windows were 5, 9, 27, 81, and 243 
30-meter (m) pixels. One-half of the side-length 
approximates the linear distance between the fo- 
cal pixel and the nearest nonforest boundary when 
the window is completely forested and nonforest 
occurs immediately adjacent to the window's 
edge. Sensitivity to the definition of interior forest 
was tested by relaxing the 100% threshold to 90%. 
Forest losses less than 0.45 ha (~1 acre) were 
ignored because binary classifications based on 
thresholds can be sensitive to small changes. 


Fig.2 The study area, outlined in green, covered a ► 
19-couQty area in southern West Virginia, eastern 
Kentucky, and southwestern Virginia, plus smaller 
portions of Raleigh, Fayette, Kanawaha, Lincoln, and 
Wayne Counties in West Virginia, and Johnson County 
Kentucky. Forest on both dates is gray, forest loss is in 
yellow, and forest gain is red 

Loss of forest due to factors other than 
mountaintop mining were excluded by examining 
color-composites of the Landsat TM imagery 
(Slonecker and Lacert 2001) to identify a smaller 
19-county area (2,202,500 ha) where mining was 
the primary determinant of landscape change 
(Fig. 2). The county boundaries used to define the 
study area were adjusted when forest loss due to 
activities other than mountaintop mining were 
prevalent. For example, the green lines that do 
not track county boundaries in Fig. 2 were 
delineated to omit areas where mountaintop 
mining was not the primary driver of forest loss. 
To avoid bias near the study area boundary, im- 
age convolution was performed on the larger 
mapping region (Fig. 2) before extracting the 
smaller 2,202,500-ha study area. 

Results 

Approximately 95% of the 2,202,500-ha study area 
was forest in 1992, of which 4.2% was converted to 
another land cover by 2001. The estimated loss of 
interior forest ranged from 7.4% to 20,5% 
depending on the scale of analysis (Table 2A). 
Percentage interior forest loss was approximately 
1.75-5.0 times greater that the percentage direct 
forest loss attributable to mountaintop mining. 
These results indicate that the loss of interior for- 
est exceeded the actual amount of forest removed 
by mountaintop mining. 

Relaxing the threshold used to define interior 
did not substantially change the ratio of interior 
forest loss to direct forest loss. Similar results were 
obtained when the threshold used to define interior 
forest was relaxed from 100% to 90% (Table 2B). 
Ratios of percentage interior forest loss to 
percentage direct forest loss were approximately 
1. 5-4.0 across the four smallest scales examined. 
There were no forested locales that met the 100% 
threshold for interior within the study area for the 
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largest scale (Table 2A), but there were about 
1.9 X 10*^ ha of interior forest at the 5,314.41-ha 
scale (1992) when the threshold was relaxed to 
90% (Table 2B). Approximately 21% of the inte- 
rior forest (90% threshold) at the 5,31 4.41 ha-scale 
was lost to mountaintop mining by 2001. 

The effect of mountaintop mining on the cove 
and mixed mesophytic forests that characterize 
the region (SAMAB 1996) was similar to the 
effect on forest as a whole. Based on geographic 
overlay of our fragmentation results (e.g., Riillers 
et al. 2003) with the GAP (Scott and Jennings 
1998) vegetation maps for southern West Vir- 
ginia, ratios of interior forest loss to direct forest 
loss for cove and mixed mesophytic forest com- 
munities ranged from 1.7 to 9.0 and 1.6 to 13.5, 
respectively (Table 3). 

Mountaintop mining has had a significant ef- 
fect on large-scale interior forest (90% thresh- 
old). In 1992, there were approximately equal 
likelihoods of meeting the 90% threshold for 
interior forest at the 2.25-ha and 5,3l4.41-ha 
scales (Table 2B). By 2001, mountaintop mining 
produced a consistent decline in interior forest 
conditions with increasing scale so that there were 
no longer approximately equal likelihoods of 
meeting interior forest conditions at the smallest 
and largest spatial scales examined. One conse- 
quence of the loss of large-scale interior forest 
(i.e., 5,314.41 ha) is that it barely spans the 
2,202,500- ha study area in 2001 (Fig. 3). In 1992, 
the 2,202,500-ha study area was the predominant 
area of large-scale interior forest within the larger 
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mapping region (Fig. 3), whereas by 2001 it 
became difficult to traverse the 2,202,500-ha study 
area and stay within interior forest. 

The United States Environmental Protection 
Agency estimated that the 4,856,247 ha 
(12,000,000 acres) Southern Appalachian region 
was 92% forest and that mountaintop mining will 
remove 6.8% of the forest between 1992 and 2012 
(US EPA 2005). With that estimate as a guide, it is 
possible to extrapolate our results to estimate the 
loss of interior forest for the Southern Appala- 
chian region impacted by mountaintop mining 
(US EPA 2005). Based on the results in Table 2A, 
about 84% of the forest in our study area was 
interior at the 2.25-ha scale in 1992, and 7,4% of it 
was lost by 2001. Using the appropriate percent- 
ages, there were 4,467,747 ha of forest in 1992 
across the Southern Appalachian region, of which 
3,752,908 ha would have been interior forest at the 
2.25-ha scale. Using the same ratios between 
interior forest loss and forest loss as shown in Ta- 
ble 2A. a 6.8% loss of forest would translate to a 
12% loss of interior forest at the 2.25-ha scale for 
the Southern Appalachian region, or 450,349 ha. 
Corresponding estimates of interior forest loss at 
the 7.29- 65.61-, and 590.49-ha scales are 502,010, 
316,810, and 5,930 ha, respectively. 


Discussion 

The environmental impact assessment of moun- 
taintop mining focused on water-quality impacts 


Table 2 Change in interior forest from 1992 to 2001. Percentage loss is relative to the amount of interior forest in 1992, 
Ratio equals percentage loss divided by total forest loss (e.g., 7.4/4.2 = 1.76) 


Window size (ha) 

Interior forest, 1992 (ha) 

Interior forest, 2001 (ha) 

Difference (ha) 

Percentage loss 

Ratio 

A, Total forest loss 

= 4.2%: threshold for interior forest = 100% 




2.25 

1,751,185 

1.622,303 

128,883 

7.4 

1.76 

7.29 

1,430,336 

1284,095 

146,241 

10.2 

2.43 

65.61 

463,821 

371,477 

92.344 

19.9 

4.74 

590.49 

8,814 

7,008 

1,806 

20.5 

4,88 

5,314.41 

0 

0 

0 

0 

0 

B. Total forest loss 

= 4.2%; threshold for interior forest = 90% 




2.25 

1,911,999 

1,781,059 

130,940 

6,8 

1.62 

7.29 

1,878,127 

1,722,035 

156,092 

8.3 

1.98 

65.61 

1,833,369 

1,621,314 

212,0.55 

11.6 

2.76 

590.49 

1.853,840 

1,550,075 

303.765 

16.4 

3.90 

5,314.41 

1.895,717 

1,489.420 

406,297 

21.4 

5.10 
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Table 3 Change in interior cove and mixed mesophytic hardwood forest types from 1992 lo 2001. Percentage loss is relative 
to the amount of interior forest in 1992. Ratio equds percentage loss divided by total forest loss (e.g., 4.5/2.4 = 1.88) 


Forest type Scale 

Interior forest 1992 (ha) Interior Forest 2001 (ha) 

Difference Percentage loss 

Ratio 

A. Total forest loss = 2.4% (cove), 3.1% 

(mixed mesophytic); threshold for interior forest = 

100% 


Cove 2.25 

116,983 

111,697 

5.286 

4.5 

1.88 

7.29 

101,686 

94,485 

7,201 

7.1 

2.96 

65,61 

37,217 

30,812 

6.405 

17.2 

7.17 

590.49 

279 

219 

60 

21.5 

8.96 

5.314.41 

0 

0 




Mixed mesophytic 2,25 

404,022 

381.217 

22,805 

5.6 

1.81 

7.29 

349,722 

320,943 

28,779 

8.2 

2.65 

65.61 

134,703 

109.432 

25,271 

18.8 

6.06 

590.49 

1,134 

665 

470 

41.4 

13.35 

5,314.41 

0 

0 




B. Total forest loss = 2.4% (cove), 3.1% 

(mixed mesophytic); threshold for interior forest = 

90% 


Cove 2.25 

122.432 

117,522 

4,910 

4.0 

1.67 

7.29 

120.646 

114,562 

6,085 

5.0 

2.08 

65.61 

116,010 

106,691 

9,319 

8.0 

3.33 

590,49 

118,979 

102,595 

16,384 

13.8 

5.75 

5,314.41 

123,806 

99,772 

24,034 

19.4 

8.08 

Mixed mesophytic 2.25 

428,159 

406,467 

21.692 

5.1 

1.65 

7,29 

423.771 

398,446 

25,265 

6.0 

1.94 

65.61 

416,314 

383,081 

33.233 

8.0 

2.58 

590.49 

425,925 

374.099 

51,826 

12.2 

3.94 

5,314.41 

439,505 

369,391 

70,114 

16.0 

.5.16 



Fig. 3 Change in interior forest (90% threshold) at the 5.314.41-ha scale 


related to sections 402 (point source discharges) 
and 404 (disposal of dredge and fill material) of 
the Clean Water Act, impacts on forest inte- 


rior species, success of re-vegetation following 
reclamation, and other factors (USEPA 2005). 
The assessment did not consider possible impacts 
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on the regional integrity of forest such as the loss 
interior forest. Our results indicate that interior 
forest loss is 1.75 to 5 times greater that the 
amount of forest loss attributable to mountaintop 
mining and that the ratio increases as the spatial 
scale of analysis increases. Similar ratios between 
interior forest loss and direct forest loss were 
found for cove and mixed mesophytic forest 
communities in the West Virginia portion of the 
study area. 

Loss of interior forest in this study is not a loss 
of forest per se, but rather a change in the clas- 
sification of forest from interior to edge. Frag- 
mentation and introduction of edge change forest 
structure, composition, and ecological processes 
(Laurance et al. 2002; Harper et al. 2005). The 
condition and ecological functioning of forest 
changes from interior to edge. Forest edges have 
higher rates of atmospheric deposition (Weathers 
et al. 2001), higher proportions of exotic species 
(Harper et al. 2005), and fewer shade-tolerant 
taxa (Foster et al. 1998). Still, the effect of edges 
on forest is an emerging field (Harper et al 2005), 
and one of the important issues is determination 
of ecological effects as a function of distance. 
Harper et al (2005) reported edge effects that 
extended 100 m inward from the forest-nonforest 
boundary. Laurance et al (2002) reported a 
maximum edge effect distance of 400 m, and 
Ramaharitra (2006) reported a maximum edge 
effect distance of 2,000 m. Our multi-scale anal- 
ysis accounts for variability in the penetrating 
distance of the different edge effects reported in 
the literature. Edge effect distances of 100, 400, 
and 2,000 m are about equivalent to one-half of 
the side-lengths of 7 x 7, 27 x 27, and 133 x 133 
30-m pixel windows, respectively. Our largest 
window size assumes edge effects from moun- 
taintop mining penetrate approximately 3,650 m 
into adjacent forest. Future research may docu- 
ment edge effects penetrating 3.6 km into 
adjacent forest. 

The spatially extensive character of forest in 
the Appalachians (Vogelmann el al. 2001; Riitters 
et al 2002) provides the foundation for interior 
forest at large spatial scales. We estimate that 
mountaintop mining has changed between 1,806 
and 128,883 ha of interior forest to edge (Ta- 
ble 2A), and the broader literature suggests that 


there are significant ecological differences between 
edge and interior forests. Our results also indicate 
that mountaintop mining is changing the spatial 
scale at which interior forest occurs in the region. 
At the 590.49-ha scale, interior forest occupied 
only 0.4% of the study area (8,814 ha) in 1992 and 
mountaintop mining eliminated about 20% of that 
very small proportion. It is not inconceivable that 
future activities will eliminate the remaining 
590.49-ha scale interior forest, which would reduce 
the scale at which interior forest occurs in the 
region. The regional-scale loss of interior forest in 
Appalachia is of global significance because of the 
worldwide rarity of spatially extensive temperate 
deciduous forest (Riitters et al. 2000). Our results 
complement and extend the recently completed 
EIS (US EPA 2005) by quantifying an additional 
environmental impact and placing the impact in a 
global context. 
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Introduction 

Most coal-bearing lands in the Appalachian region were forested prior to mining. The region's 
forests are predominantly upland oak-hickory and Appalachian mixed-hardwoods. These forests 
provide many benefits to landowners and the public. Solid wood and paper products are perhaps 
the most tangible benefits, but a predictable flow of high-quality water from forested watersheds 
into regional streams is another vital benefit provided by the region's forests. Forests also fix 
carbon from the atmosphere; provide wildlife food and cover, recreational opportunities, and an 
aesthetically pleasing environment. 

Surface mining completely removes the forest. Public Law 95-87, the Surface Mining Control 
and Reclamation Act of 1977 (SMCRA), mandates that mined land be reclaimed and restored to 
its original use or a use of higher value. Restoring forests on surface-mined land is challenging; 
however, reforestation research by Virginia Tech's Powell River Project since 1 980 shows that 
restored forests can be equally or more productive than the native forests removed by mining. In 
addition, reforestation can provide low-cost and timely release of reclamation bonds for coal 
miners, and restored forests can provide economic returns to landowners. 

The purpose of this publication is to provide practical, cost-effective guidelines to ensure 
successful forestland reclamation using the principles of reforestation silviculture. The following 
guidelines were developed from research and practical experience; they should help reclamation 
managers and landowners achieve reforestation success and renewal of the many benefits that 
forests provide. 

These guidelines are consistent with the reclamation method known as the “Forestry 
Reclamation Approach ” or FRA (Burger and Torbert, 1 992. FRA reclamation was developed by 
the Virginia Tech Powell River Project and is advocated by the US Office of Surface Mining, the 
Appalachian Regional Reforestation Initiative (ARRl), and state reclamation agencies; and is 
consistent with SMCRA regulations throughout Appalachia and in the upper Midwest (see ARRI 
Publications 1 and 2). 
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Reclamation Guidelines 

for surface mined land 


1 




356 




Photo 1. A 50-year old hardwood forest on Photo 2. A 16-year old pine forest on mined land, 

mined land. 


Principles of Reforestation 

The eastern deciduous hardwood forest with its hundreds of species of plants and animals is 
one of the most complex plant systems in North America. When land is surface-mined, the entire 
forest, including shrub layer, tree canopy, root stocks, seed pools, animals, and microorganisms, 
is removed. After mining and land reclamation, this complex forest, given enough time, will be 
restored to its original function and structure through a process called forest succession. Forest 
succession is a natural process whereby, following disturbance, the forest regains its original 
composition through a slow process of species replacement and site amelioration. 

The original forest of oaks, hickories, basswood, dogwood, maple, Fraser magnolia, cucumber 
tree and other mid- to late-successional species is not instantaneously restored. Instead, pioneer 
species such as leguminous trees and shrubs and pine and hardwood species that can tolerate a 
wide range of acidity, fertility, moisture, and temperature become established first. The pioneer 
species will eventually yield to the more site-sensitive hardwoods. In the meantime, the mine soil 
is being conditioned, nitrogen and organic matter are being incorporated, populations of macro 
and micro plants and animals are increasing, a more diverse wildlife habitat is being created, and 
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valuable wood products are being produced. The rate at which natural forest succession proceeds 
depends on the nature of the reclaimed site and adjoining undisturbed sites. We believe it w'ould 
require several hundred years for the mid- to late-successional hardwoods to dominate if forest 
restoration were left entirely to nature. 

The reforestation procedures recommended below are designed to accelerate forest succession 
while providing land stabilization and erosion control, bond release for the mining operator, and 
economic returns to land owners. A combination of grasses and legumes (used when necessary 
for erosion control), nurse shrubs and trees, and crop trees are established more or less 
simultaneously. Each plant type serves a specific reclamation function then yields to another 
plant type (Figure 1). 

On sites reforested using these guidelines, tree-compatible hydroseeded grasses emerge first 
to quickly stabilize the mine soil surface. Grasses then yield to legumes when applied nitrogen is 
minimized. The slow-starting, ground-sprawling legumes (white clover, birdsfoot trefoil) allow 
trees to become established and grow before totally covering the ground. The legumes enrich the 
site and eventually give way to the tree cover. Nurse trees and shrubs condition the site for the 
crop trees and yield to the crop trees as they close canopy. This process of matching plant species 
to site conditions, matching plant species for their compatibility with each other in space and 
time, and managing tree stands to accomplish certain objectives as they develop, is called 
reforestation silviculture. 



Time (years) 


Figure 1. Reforestation silviculture seeks to stimulate natural processes known as forest 
succession. All vegetation types are established during reclamation. As time passes, grasses 
and legume groundcovers yield to nurse and wildlife trees, which are themselves overtopped by 
commercially valuable crop trees as the forest grows and matures. 


3 



358 


Regulations and Performance Bonds 

Most mined land planted with trees is designated as "unmanaged forest land" (or non- 
commercial forest land) in Virginia mining permits. Another forest land postmining land-use 
option is known as "commercial forest land" or "managed forest." 

Several Appalachian states allow miners to define forested post-mining land uses as either 
“unmanaged” or as “managed” (or “commercial”). In Virginia, bond release requirements are 
similar for both commercial (managed) and unmanaged forest land, there are some subtle 
differences. Typically, unmanaged forest land is planted with both timber-producing species and 
wildlife and nitrogen-fixing shrub and tree species. 

The "commercial forest land" option provides an opportunity to use alternative reclamation 
practices to achieve a wood-production forestry management objective and restore the original 
composition of the native forest. For commercial forestry, a minimum stocking of 400 trees per 
acre of native, commercial species is required, in addition to 40 wildlife trees or shrubs per acre. 
As with any land-use designation, the coal company must submit a simple management plan that 
explains how the proposed postmining land use is to be achieved. Additionally, a copy of the 
comments by the landowner concerning the proposed use must be submitted. These documents 
are required to show that the landowner is committed to the proposed commercial forestland, and 
that it can be reasonably achieved. 

The guidelines offered in this bulletin were developed to increase the probability of timely 
performance-bond release as well as to ensure the establishment of productive forests. 

Regulatory requirements in this publication are specific to Virginia, but the general guidelines 
are applicable to reclamation in surrounding states. In Virginia, performance criteria for bond 
release can be achieved for forestland. Virginia DMLR Guidance Memorandum 22-08 reviews 
information relevant to regulatory compliance for forested post-mining land uses in Virginia. 

Of particular importance are requirements relative to final surface grading, ground cover, and 
number of trees per acre. 

Permitting 

Successful reforestation, from a regulatory standpoint, starts with the mining permit. Ideally, 
all stakeholders including the coal operator, landowner, regulators, and consulting service 
providers are involved in permit writing and review. All should know and understand the 
approach, process, and expected result of the revegation and reforestation plan. Regulatory 
authorities w ill reference the mining permit when Judging reclamation success. Mine permitting 
for productive reforestation is discussed in VCE Publication 460-141 . 

Mine Soil Selection and Placement 

Federal and state regulations require natural soil, existing on sites prior to mining, be saved and 
placed on the reclaimed mine site after reclamation. This rule is waived for coal operators 
working on steep terrain where soil is shallow and difficult to recover, and when operators can 
show that topsoil substitutes are as good or better for the post mining land use as the original 
soil. Contemporaneous reclamation close to the mine pit reduces haulage costs and allows cost 
effective use of native soil on reclaimed surfaces. When needed, topsoil substitutes, usually 
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consisting of a mix of overburden materials, must meet certain physical and chemical criteria in 
order to be a suitable growth medium for plants. Those criteria are different for native trees 
compared to criteria for commonly-used agricultural grasses. For native hardwood trees, topsoil 
substitutes should be neutral to slightly acid, sandy and loamy in texture, loose and well-aerated 
for good drainage, fertile without excessive saltiness, and the selected material should be 4 or 
more feet deep. For forestry post-mining uses, and when FRA procedures are used, regulations in 
Virginia and most Appalachian states allow rougher, looser, surface soils containing organic 
debris in order to produce mine soil characteristics conducive to good tree survival and growth. 

Final Surface Grading 

In the past, establishment of smoothly-graded slopes with lush vegetation during the first year 
was a goal for many reclamationists. Unfortunately, land reclaimed in this way is often 
compacted by excessive grading, and the ground cover vegetation is too dense for tree 
establishment. Most Appalachian forested landscapes are uneven, and many are strewn with 
rocks and boulders. Natural forest soils are rough and loose, allowing deeply-rooted woody 
species to become established and grow unimpeded. 

Surface grading requirements and regulations vary by state but all Appalachian state 
regulatory agencies and US Office of Surface Mining support and encourage use of the “Forestry 
Reclamation Approach” reclamation methods which include low-compaction grading. 

In Virginia, the Virginia Coal Surface Mining Control Reclamation Act of 1 979 specifies that 
graded backfills "support the approved postmining land use." Compaction is only necessary "... 
where advisable to ensure stability..." (480-03 -19.816.102). Therefore, on level areas and short, 
gentle slopes, grading should be minimized to avoid surface soil compaction. After groundcover 
and tree establishment, small to medium gullies need not be filled unless they are associated with 
sedimentation problems or grow to the point where they would hinder forestry operations. Small 
to medium gullies may interfere with hayland/pasture uses, but do not interfere with forestry and 
wildlife habitat as they fill in and stabilize naturally. Minesoil compaction resulting from gully 
repair is counterproductive to successful reforestation. 

Ground Cover Establishment 

The SMCRA and its federal regulations require vegetative ground cover to be no less than 
that required to achieve the approved post mining land use and control erosion. Virginia 
Division of Mined Land Reclamation has issued a regulation that effectively eliminated the 
former 90 percent ground cover standard for mine sites on areas where the FRA is implemented. 
This regulation calls for minimizing ground cover competition with woody plants by limiting 
ground cover to that necessary to control erosion and support the post mining land use. A similar 
regulation is in place in Tennessee. As of this writing, a number of other states in the 
Appalachian Region are considering similar changes. Mining firms outside of Virginia are 
encouraged to check with their State Regulatory Authority concerning the current ground cover 
standard for success. 

Number of Trees per Acre 

In Virginia, the number of trees per acre and species selection differs between commercial 
forestland and non-commercial forestland. For commercial forestland, there must be at least 400 
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commercial trees/acre plus 40 wildlife trees or shrubs (a minimum of 440 trees/acre) for bond 
release. In Virginia, white pine is a common commercial species. Mixed hardwoods, including 
oaks, hickories, ashes, maples, and black cherry, and eastern white pine are commonly planted 
species that are considered commercial species. For non-commercial forest land, there must be at 
least 400 trees/acre, of which at least 40 must be wildlife trees or shrubs. Native invading trees 
count toward bond release if they are species suitable for the post-mining land use defined in the 
mining permit and at least one foot tall. Planting 550 crop trees and 60 to 1 00 wildlife or "nurse" 
trees per acre should achieve these required stocking densities, if soils and groundcover 
vegetation are compatible with tree establishment. 

Table 1 summarizes the reforestation plan components and reclamation activities that must be 
executed properly to assure tree survival rates adequate to achieve bond release. Each of the 
reclamation activities is reviewed in detail in the text that follows. 
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Table 1. Major reclamation activities that, if executed properly, should assure planted seedling 
survival rates and tree counts adequate for bond release. 


Reclamation Activity 


FRA 


Rationale 


Prepare the land for reforestation using the 
forestry reclamation approach: 
v' Use soil and topsoil substitutes 
suitable for trees and place at least 
4 feet deep; 

v' Avoid compaction by minimizing 
grading and leaving soils loose ; 
v' Use tree compatible groundcover 
when necessary to control erosion 
with low N and high P fertilization. 


Select species that are best suited to the 
soil properties and landscape conditions 
that occur on the mining site. 


Land preparation using FRA procedures will 
produce loose soils of good quality that aid 
proper tree planting, help planted trees 
survive and grow at expected rates, and aid 
establishment of native volunteer plants. 

For forestry post-mining land uses, 
agricultural grasses and legumes are used 
only as needed to control erosion. 
Minimizing ground cover with tree- 
compatible species increases survival and 
growth of planted and volunteer species. 

4 Site conditions vary across the reclaimed 
area. Using species adapted to conditions, 
and grouping species where they are suited 
will increase survival and growth rates. 


Use tree planters who are knowledgeable 
and skilled, and assure that they use 
good seedling stock, properly care for the 
seedlings from nursery to planting, and 
useand use planting rates adequate to 
achieve bohd release. 


5 Proper care of seedlings before and during 
planting, and use of proper planting 
procedures, is essential to achieving 
adequate survival. 


Example: 

Select 5 crop tree species, 110 each per 
acre = 550 crop trees per acre. . 

Select 4 wildlife/nurse tree species, 25 
each per acre = 100 trees per acre 


550 crop trees + 100 wildlife/hurse trees 
650 trees per acre total. 

If overall sun/ival is 70%, 455 surviving 
trees per acre will assure bond release. 


“ The Forestry Reclamation Approach is made up of 5 “steps” or procedures which are consistent with 
these guidelines (see ARRI Publication No. 2); the “FRA” column designates steps of the Forestry 
Reclamation Approach that correspond with these procedures. 
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Selecting Mine Soil Material 

Carefuliy-constructed mine soils can be as deep and fertile as natural soils. Natural soils in 
steeply sloping areas of the Appalachians may be difficult to recover, store, and replace during 
reclamation. "Topsoil substitutes" containing large amounts of blasted overburden materials are 
allowed by law in some cases and can be used successfully as plant-growth media provided they 
are of equivalent or better quality than the original soil. But in order to be as productive as 
natural soils, the spoil materials must have desirable physical and chemical properties that are 
suitable for good growth of deeply-rooted trees. Natural soil should be recovered and used to the 
extent possible, even as a mixture with overburden materials. When natural soils are not 
recoverable or insufficient in quantity, the surface four feet of mine soil material should be 
c?is\\y-weatherable overburden, meaning that most rocks and boulders break apart and 
decompose quickly to fine soil materials. The soil texture of the fine-earth fraction should be 
loamy to sandy, and the mine soil should be low in total salts; mine soils should be moderately 
acid (pH 5.5 - 6.5) when native hardwoods are being planted. Most importantly, the mine soil 
must also be left uncompacted to a depth of four feet. 

Trees have different mine soil requirements than forage grasses and legumes. Most grasses 
and legumes can tolerate compacted surfaces, high pH levels, and high levels of soluble salts; 
trees cannot. Even if trees survive under these mine soil conditions, they will not grow well. 
Trees require soils depths of at least several feet, while grasses can thrive in thinner soils because 
most of their roots are close to the surface. 

As demonstrated by Photos 3, 4, and 5, mine soil properties can have a major influence on the 
growth of planted trees. 



Photo 3. Eight-year-old white pine growing in 
compacted, unweathered shale mine soil 



Photo 4. Eight-year-old white pine growing in 
loose weathered sandstone mine soil 
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Photo 5. Cross-sections of 8-year-old white pine trees growing 
on compacted shale mine soil (right), and loose sandstone mine 
soils (left) (grid line spacing 1 inch). 

Brown, oxidized sandstones, often found in deep layers near the land surface throughout the 
Appalachians, make excellent mine soils for trees provided they are not too acidic (in rare cases 
they may contain pyrite or high concentrations of manganese). Research studies and many 
observations of reclaimed sites in Virginia, West Virginia, and Kentucky show that tree survival 
and long-term growth is excellent on oxidized, moderately-acid, mixtures of brown, weathered 
sandstone mixed with some siltstone/shale materials (Burger and others 2007). This rock 
mixture provides good drainage, aeration, and fertility, and when mixed with native soil, the 
added organic matter and soil organisms provide an all-important biotic component that adds life 
to the new mine soil. In general, siltstone and shale that occur directly above or below coal 
seams should be avoided. These rock types usually have high levels of soluble salts, a high pH or 
a very low pH, and compact to greater densities when trafficked. Some of the white or blue-gray 
unweathered sandstones that occur further below the surface will be less productive but are 
acceptable for forest land when these are the “best available materials” on the mine site. 
However, these spoils weather very slowly and should only be used when native soil or brown, 
weathered sandstone and siltstone are not available. 

All native topsoils should be recovered and used when possible, and mixing even small 
amounts of fresh soil with overburden will improve the site's suitability for trees. Fresh topsoil 
typically harbors seeds and roots of tree and shrub species that can grow into viable seedlings 
when conditions are right. Fresh, native soil aids seedling survival, as beneficial fungi and 
microorganisms help seedlings obtain water and nutrients. In places where the soil handling cost 
makes it impractical to obtain large amounts of fresh soil for use in reclamation, small amounts 
of soil (a truck load here and there, placed so it can be distributed during grading) will aid 
reforestation success. Spoil selection guidelines for reforestation are summarized in Figure 2 and 
Table 2, 
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Figure 2. Overburden materials differ in suitability for use as reforestation growth media (Table 1). 


Table 2. General Guidelines for Selecting Reforestation Soil Materials (E = Excellent, G = Good, F = 
Fair, P = Poor, should be avoided). 


Material 

E G F P 

Comment 

Topsoil 

X 

Includes anything that can be removed with a dozer prior 
to blasting. It can be mixed with other materials, even in 
small quantities, to provide organic matter, beneficial 
microorganisms, fungi, and nutrient pools. 

Brown Weathered 
Sandstone 

XXX 

Includes top 20-30 feet of rock material on most sites; can 
be used alone or mixed with suitable materials from 
deeper in the overburden sequence. 

Unweathered 

Sandstone 

xxxx 

Materials that break down into smaller particles and 
achieve pHs in the range of 5. 5-6. 5 are very good. 
Sandstones that are hard (durable) and do not form soil 
materials and/or alkaline (maintain pH’s > 7) should be 
avoided unless no better materials are available. 

Unweathered 

Siltstone and Shale. 

XXX 

Usually a poor choice when used alone; can be mixed 
with unweathered or weathered sandstones to form good- 
to-excellent reforestation materials. 

Rocks from directly 
above or below the 
coal seam 

X 

Generally high in soluble salts and a poor choice for 
reforestation, even when mixed in significant ratios with 
more favorable materials. Black shales and siltstones 
especially poor for reforestation. 

Rocks containing 
pyrites or high levels 
of metals 

X 

Any material that stabilizes at pH<4.5 should be avoided. 
pHs of > 5.5 but < 7.0 are preferred. 


Note: the term “mixed” as used above refers to the intermingling of rock materials that occurs routinely during 
operations such as blasting, loading, hauling, and dumping. These are general guidelines that can be applied 
with overburdens typical of southwestern Virginia’s coalfield. On some mining operations, specific overburden 
materials may have properties that are not well suited for these general guidelines. 
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Placing and Grading Mine Soil Material 

Reclaimed mine soils must be left loose and uncompacted to ensure successful establishment 
and long-term growth of trees. Prior to seeding ground covers, reclaimed sites are often cleared 
of large boulders, gullies are filled, and the surface is graded smooth and "tracked in" with 
bulldozers to create a seedbed for ground covers. Smooth-graded, tracked-in spoils are very 
undesirable for tree establishment and long-term forest growth. Powell River Project research 
shows that mine soil compaction is the single factor most limiting to reforestation success on 
older mine sites in central Appalachia. When soils are excessively graded and tracked in, trees 
are often not planted deeply enough because of the physical effort required to open a suitable 
planting hole. This results in poor survival and permanently reduces the mine soil quality. 
Compacted mine soils reduce water infiltration, reduce plant available water, increase sheet 
erosion, and restrict root growth. 

When forest land is the post-mining land use, grading should be limited to the extent needed 
to shape the final landform and ensure the stability of slopes. On level and gently sloping areas, 
spoil placement should be planned so that once a pile is dumped in place, no more equipment 
passes over it except for a final, light grading with a small dozer. Mine soil compaction can be 
minimized by grading when mine soil materials are dry and using small dozers with low ground 
pressures. Natural forest land in the Appalachians is usually rougher than pastureland. Reclaimed 
forestland with boulders and uneven surfaces will not adversely affect forest management 
activities. When “topsoil” from the pre-mining forest is available for use in preparing the final 
surface, leaving any stumps, logs, or other woody debris that is in that topsoil on the final land 
surface will aid reforestation. 



Photo 6. Typical grading and tracking-in 
operations for non-forest post-mining land 
uses. 



Photo 7. Example of uncompacted, roughly 
graded surface ideal for tree planting. 
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Using Tree Compatible Groundcovers While Controlling 
Erosion 

Grass and legume ground covers are typically seeded with fertilizer and mulch hydromixes, 
Even though trees are being planted, these herbs are sometimes needed to reduce erosion and 
stabilize sloping terrain. Commonly-used agricultural grasses and legumes are not natural 
components of forest ecosystems in this area. Trees planted in aggressive, tall, heavily-fertilized 
ground covers usually fail because they are overcome by the ground cover. When forestland is 
the intended land use, reforestation requires a carefully-planned balance between ground cover 
for erosion control and the trees' requirements for light, moisture, and space. Forage species 
commonly used to create hayland or pasture sueh as K.-31 tall fescue and red or sweet clover are 
not compatible with trees; they grow too tall and too dense for trees to emerge. 

A tree-compatible ground cover mix should include annual and perennial grasses and legumes 
(Table 3) and should be used only as needed to control erosion at acceptable levels. Because soil 
conditions typically differ across the site, species adapted to a variety of site conditions should be 
included within the mix. 


Table 3. Recommended groundcover seeding 
and fertilizer application rates for reforestation of 


reclaimed lands.“ 

Species/Fertilizer Rate (Ibs/acre) 

Grasses: 

foxtail millet (spring seeding only) 5 

annual ryegrass (fall seeding only) 10 

timothy 6 

perennial ryegrass 10 

orchard grass (steep slopes only) 5 

Legumes: 

birdsfoot trefoil 5 

ladino or white clover 3 

Fertilizer ^: 

nitrogen 50 to 75 

Phosphorus (as P) 80 to 100 

(as PjOs) 180 to 230 


For further detail, see VCE Publication 460-124, 

^ Can be achieved by applying 400 Ib./acre di- 
ammonium phosphate, by blending 200 Ibs/acre 
concentrated superphosphate with 300 Ibs/acre 1 9- 
19-19 fertilizer, or with other fertilizer blends. 


Annual grasses such as foxtail millet {Setaria italica), and annual ryegrass (Lolium 
muUiJlorum Lam.) provide quick, initial protection to the surface by reducing the impact of 
raindrops and minimizing soil movement. Foxtail millet is the preferred annual grass to use for 
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spring or summer seeding; annual ryegrass should be used for fall seeding. These grasses 
germinate quickly and provide good cover during the first year. Since most annual grasses are 
tall, they must not be so dense as to adversely block light from tree seedlings. The limited shade 
and protection from wind provided by these annual grasses reduce seedling moisture stress. Rye 
grain and wheat grain should not be used in groundcover mixes for hardwood plantings. Their 
grain production attracts rodents that chew the bark of seedlings thus killing them. If a heavier- 
than-normal groundcover is desired for reforestation due to a localized circumstance, the annual 
ryegrass seeding rate can be increased up to 20 lbs./acre, although the 10 Ib/acre rate of Table 2 
should be adequate to control erosion on most Virginia mine sites when the surface soils are left 
in a loose condition as is recommended for reforestation. 

After the first growing season, slower-growing perennial grasses and legumes should satisfy 
ground cover requirements. They should be adapted to low pH and fertility levels, and most 
grasses should be cool-season species to reduce competition with trees for moisture during mid 
summer. Perennial ground cover species should not grow so tall or dense that the establishment 
of trees is hindered. Perennial ryegrass (Lolium perenne) and timothy (Phleum pratense) are low- 
statured grasses that become established on relatively acid, infertile soils. They are quickly 
established and decline after several years, providing space for developing legumes. 

On long steep slopes, orchardgrass (Daclylis glomerata) can be included to provide additional 
protection against erosion. Kentucky-3 1 tall fescue (Festuca arundinacea, 'K-3 1 ') should not be 
used with trees. Kentucky-31 tall fescue competes excessively for light and moisture, it produces 
allelopathic substances (phytotoxic chemicals) that retard tree growth, and it attracts rodents that 
chew on the stems of trees. 

Weeping lovegrass (Eragrostis curvula) is tolerant of very acid spoil and germinates within a 
few days, thus contributing to early erosion control. Where pockets of acidic spoils (pH < 4.5) 
are present, weeping lovegrass can be added to the reforestation ground cover seeding mix at low 
seeding rates (~2 Ibs/acre). 

A leguminous ground cover can enhance soil nitrogen (N) levels by as much as 50 
Ibs/acre/year. Legumes, in conjunction with Rhizohium bacteria, enhance the nitrogen status of 
the soil by fixing atmospheric nitrogen. Nitrogen released by decomposition of legume foliage 
and sloughed roots quickly becomes available to trees. Birdsfoot trefoil {Lotus corniculatus) is a 
perennial legume that has performed well in numerous research studies and on operational sites 
on mine soils in Virginia. The 'Fergus' variety of birdsfoot trefoil is better adapted to Virginia 
than most of the northern varieties. Birdsfoot trefoil and white clover are a good combination 
since they are cool-season plants and are tolerant of moderately acid soils. This combination 
provides an actively-growing ground cover from spring through the fall season. Kobe lespedeza 
(Lespedeza striata var. Kobe) is a low-statured annual legume that can be added to the 
reforestation seeding mix at low rates (3-5 lbs. per acre) if a heavier-than-normal groundcover is 
desired for reforestation due to a localized circumstance, although it is not a necessary or 
desirable addition to the above seeding mix for reforestation on most Virginia mine sites. Serecia 
lespedeza {Lespedeza cuneata), formerly widely used in reclamation, is not an acceptable legume 
for use in reforestation; it is too tall and competitive, and it has become an invasive w'eed 
throughout the coalfields. 

As a group, the clovers are less suitable for reforestation ground covers. Most clovers require 
soil pH and fertility levels that are higher than needed for trees, and most clover species are too 
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aggressive during the first year to be used with trees. An exception is white or ladino clover 
{Trifolium repens)\ it is tolerant of acidic mine soils and produces a short cover that does not 
excessively compete with tree seedlings. It produces good cover for the first two years and then 
yields to the birdsfoot trefoil. 



Photo 8. Example of non-competitive, tree-compatible Photo 9. Example of competitive ground 
ground cover. cover compromising the survival of trees. 

Importance of Using Tree-Compatible Ground Covers 

Unlike standard hayland and pasture forages that are lush during the first year and gradually 
decline without additional fertilizer, tree-compatible covers are designed to be sparse during the 
first year and become increasingly dense by the second and third years. This allows tree 
seedlings to emerge above the ground cover and aids their survival. 

Despite relatively-low recommended seeding rates, sufficient ground cover can be achieved 
for partial bond reduction during the first year. Most of the first-year cover results from the 
annual grasses, while the legumes dominate after several years. Birdsfoot trefoil and white clover 
emerge slowly by producing only a few plants per square foot, and these plants are generally less 
than six inches tall after the first season. By the third season, however, they develop into a 
complete cover replacing the grass and filling in under emerging trees. These legumes persist 
beneath the trees, increasing organic matter and nitrogen levels for several years until they are 
eventually shaded out by trees. 

Another purpose of low ground cover seeding rates is to allow the invasion of native plant 
species such as yellow poplar, red maple, birch and other light-seeded trees. Dense ground 
covers prevent the natural “seeding-in” of native plants. An additional benefit of a tree- 
compatible cover is that some tree and shrub species can be established by direct seeding. When 
conventional ground covers are used, direct-seeded trees will not emerge and survive due to 
dense shading. 

For further information on reforestation groundcovers, see Powell River Project / VCE 
Publication 460-124 . “Establishing Ground Cover for Forested Post-Mining Land Uses.” 
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Tree Species Selection 

A sufficient number of desirable trees must be established during reclamation in order to 
achieve multiple uses from a developing and mature forest. Two categories of tree species are 
recommended: 

1. "Crop" trees: commercially-valuable, native, "timber crop" species, and 

2. Nurse trecs/wildlife trees: Trees and shrubs that fix nitrogen and/or attract wildlife, 
including birds. 

Crop trees are long-lived species that offer value to landowners as saleable forest products.. 
Yellow-poplar {Liriodendron tulipifera), oaks (Quercus spp.), ash (Fraxinus spp.), maple (Acer 
spp.) and other hardwood species are commonly planted as crop trees on mining operations that 
are reclaimed using the Forestry Reclamation Approach. Nurse trees are planted to assist the 
crop trees by enhancing the organic matter and nitrogen status of the soil and improving soil 
physical properties, and by attracting seed-carrying wildlife such as birds on to the site. Nurse 
trees will die or can be cut out after 15 to 20 years when crop trees need additional growing 
space. Nurse trees help achieve the minimum number of stems and ground cover required for 
bond release, and they provide food and cover for wildlife. Recommended nurse species are 
flowering dogwood (Cornus florida) redbud (Cercis canadensis), blackhaw (Viburnum 
prunifolium), native crabapple or hawthorn (Rosacea species) shagbark hickory (Carya ovata), 
and white pine (Pinus strobus). Black locust (Robinia psuedoacacia) and autumn olive 
(Elaeagnus umbellata) were commonly used in the past, but are not recommended today. 

Autumn olive, Russian olive (Elaeagnus angustifolia L.) and related species, and bicolor 
lespedeza (Lespedeza bicolor), are non-native species that are listed as invasive in Virginia and 
neighboring states (Miller and other 2008) and should be avoided. 

Crop Tree Selection 

Hardwoods: On well-constructed mine soils, most native hardwood species grow well. The 
critical factors that affect survival and growth of trees are spoil type, compaction, slope aspect 
and position, and competition from ground cover grasses and legumes. Ideally, these factors 
should be optimized during the reclamation process as described above. Most reclaimed sites, 
however, contain a variety of soil conditions. A key to successful reforestation with hardwoods is 
tailoring the species to mine soil conditions. Tree species can and should be selected to "fit" the 
final combination of conditions found on a reclaimed site. For example, hardwoods 
recommended for good sites are red, white, and black oak, tulip-poplar, sugar maple, black 
cherry, and white ash. When available, blight-resistant American chestnut hybrids are also 
recommended as part of the native hardwood species mix. Sycamore, green ash, and red maple 
are more tolerant of sites that are compacted, poorly drained, or have minesoils primarily derived 
from siltstones or shales (Figure 3). 
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Photo 10. Northern red oak crop trees on mined land after 55 years. 

Slope aspect and position (Figure 4) influence water availability through the growing season. 
The best sites for the most water-demanding trees and the most valuable species are slopes with a 
north and east aspect and a position toward the toe of the slope. Red oak, sugar maple, and tulip 
poplar are examples of species that should be planted on such sites. Southwest aspects toward the 
tops of slopes are the driest: therefore, drought-tolerant hardwoods such as scarlet and chestnut 
oaks should be planted in these positions. Good tree planting contractors can do site-specific tree 
selection and planting. Site-specific planting should be specified and described in mining permits 
and tree planting contracts. 

Competition control of ground covers is also critical for reforestation success regardless of 
other conditions. Spot or row spraying with herbicides must be done when ground cover grasses 
are aggressive and competitive. 
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Many minesoils are excessively wet during much of the growing season because of poor 
internal drainage or because of compacted layers that perch water. Most high-value crop trees are 
intolerant of wet soils; however, sycamore (Platarms occidentalis), eastern cottonwood {Populus 
delloides), and black alder can tolerate wet sites and should be used under these conditions. 

On very low-quality sites, with limitations due to compaction, acidity, or high soluble salt 
levels, the concept of selecting a long-term "crop tree" should be abandoned. Emphasis should be 
placed on stabilizing the site with trees and shrubs that are commonly used as nurse trees. As 
already mentioned, sycamore, green ash, and black alder are suitable for wet sites. Black alder 
and bristly locust are both tolerant of very acid sites. 


Red, white, black oaks 
Hickory species 
American chestnut 
Black cherry 
Tulip Poplar 
White pine 

Acidic 

(5.5 -6.5) ^ ' 


Virginia pine 
Pitch X Loblolly Pine 
Black locust 


Loose 


Bur oak 
Hybrid poplar 
White ash 
Sugar maple 



Alkaline 

(6.5 - 7.5) 


Sycamore 
&reen ash 
Red maple 


Compacted 


Figure 3. Tree species recommended for different spoil types and levels of compaction. 
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Aspect 

Effect 


■ 


Londscope 
Position Effect 


(hotter, drier) 


Figure 4. Tree species recommended for different slope aspects (above) and positions (below). 
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Slope aspect and position (Figure 4) influence water availability through the growing season. 
The best sites for the most water-demanding trees and the most valuable species arc slopes with a 
north and east aspect and a position toward the toe of the slope. Red oak, sugar maple, and tulip 
poplar are examples of species that should be planted on such sites. Southwest aspects toward the 
tops of slopes are the driest; therefore, drought-tolerant hardwoods such as scarlet and chestnut 
oaks should be planted in these positions. Good tree planting contractors can do site-specific tree 
selection and planting. Site-specific planting should be specified and described in mining permits 
and tree planting contracts. 

Many mine soils are excessively wet during much of the growing season because of poor 
internal drainage or because of compacted layers that perch water. Most high-value crop trees are 
intolerant of wet soils; however, sycamore (Platanus occidentalis), eastern cottonwood (Populus 
deltoides), and black alder grow well on wet sites and should be used under these conditions. 

On very low-quality sites, with limitations due to compaction, acidity, or high soluble salt 
levels, the concept of selecting a long-term "crop tree" should be abandoned. Emphasis should be 
placed on stabilizing the site with trees and shrubs that are commonly used as nurse trees. As 
already mentioned, black alder is suitable for wet sites. Black alder and bristly locust are both 
tolerant of very acid sites. 

Pines; On good sites, white pine can produce more merchantable volume than any other 
native species. White pine on a 12 x 12 to 15 x 15 foot spacing (200-300 trees/acre) can produce 
merchantable timber in 30 to 40 years (Balmer and Williston, 1983). However, white pine 
requires higher-quality sites than other pines. White pine should be planted in areas that have at 
least four feet of uncompacted soil. It does best on deep, brown, well-drained, sandy mine soils. 

On sites that are unsuitable for white pine or quality hardwood growth due to depth, acidity, 
salinity, or drainage, other pine species can be planted. On shallow sites, or sites with a large 
amount of coal refuse, Virginia pine (Pinus virginiana) and loblolly pine (P. taeda) are good 
choices for crop trees. Both species are more drought-tolerant than white pine. Virginia pine is 
an excellent pulpwood species that is native to the region and is adapted to harsh sites. It has a 
shallow root system, which makes it a suitable species for shallow soils. It is also tolerant of acid 
mine soils with pH levels as low as 4.0. Loblolly pine is not native to the mountainous regions of 
Virginia, but it has been successfully planted and grown on many reclaimed sites. Some winter 
damage has been reported in the northern part of Virginia's coal mining region, but the problem 
seems to be no more severe than in the northern Piedmont of Virginia where loblolly pine is 
grown commercially. Good stands can produce pulpwood and sawtimber-sized trees in 20 to 40 
years. Pitch x loblolly pine hybrid (P. rigida x taeda) may be the best commercially valuable 
pine species for planting on dry mine soils because of its tolerance to a variety of soil and site 
conditions and because of its rapid growth. It is a cross between loblolly and pitch pine, which is 
native to the region. It has the rapid growth rate and good form of loblolly pine, and the 
coldhardiness and strength of pitch pine. Loblolly pine, pitch x loblolly, and Virginia pine are 
more susceptible to damage by the southern pine beetle than white pine. 


19 



374 


Wildlife/Nurse Tree Selection 

The nurse tree and nurse shrub species recommended for reclamation planting are N-fixing 
plants that benefit crop trees and provide food and cover for wildlife. Nurse trees contribute to 
ground cover requirements and help stabilize the site. Recommended species include flowering 
dogwood (Cornus florida) redbud (Cercis canadensis), blackhaw {Viburnum prunifolium), native 
crabapple or hawthorn {Rosacea species) shagbark hickory {Carya ovaia), and white pine {Pinus 
strobus). Dogwood, redbud, blackhaw and hawthorn produce soft fruits for wildlife, shagbark 
hickory provides nesting habitat for the endangered Indiana bat, and with pine provides winter 
cover for a variety of wildlife. Historically, black locust was the most commonly planted nurse 
tree species in Virginia. Black locust is easily established and grows rapidly; unfortunately, it is 
very competitive and should not be planted with crop trees in a commercial forest mix. Black 
locust is too aggressive and the thorns on its branches can damage the branches and terminal 
leaders of adjacent trees. European black alder {Alnus glutinosa) is non-native, but it fixes 
nitrogen and tolerates salty, acidic sites. It grows nearly as rapidly as black locust but is less 
competitive and has no thorns. It is very susceptible to sooty mold and anthracnose fungi and 
usually succumbs to these pests by age 10 in most areas of the Appalachian coalfields. 

Establishing Trees 

Planting Contractors 

The successful establishment of trees is highly dependent on selecting good nursery stock, 
proper handling before planting, and proper procedures during planting. In most cases, tree 
planting is best left to a professional tree planting crew that guarantees their work in a written 
contract. With proper, long-range planning, a good professional tree planter will arrange for 
seedling production at nurseries, plant at the appropriate time, and do follow-up inspections to 
ensure survival. 
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Seedling Procurement 

Most states in the Appalachian coalfield maintain state nurseries that grow and can supply 
seedlings for a variety of tree species in large quantities at reasonable prices. A number of 
commercial outlets for tree seedlings are also available. For best results, seedlings should be 
obtained from a grower within the general area (i.e. within the state or an adjacent state) and with 
climatic conditions similar to the planting site. Companies knowing in advance that they will 
require large numbers of seedlings can work with state nurseries or commercial suppliers a year 
or more in advance to assure that the seedlings of desired species are available when needed. 
Most commercial tree planters will also procure and provide the seedlings, if that service is 
included in the tree-planting contract. Working with the tree-planting contractor to procure the 
seedlings has the advantage of placing full responsibility for successful planting with the tree 
planter. 

Virginia residents can purchase a variety of tree species from the Virginia Department of 
Forestry (VDOF). Many species from the state nursery are grown from genetically superior seed 
and should perform better than other seed sources on Virginia mine soils. If planting is managed 
directly by coal companies, supervisors should work carefully with their local VDOF forester in 
ordering and picking up seedlings. 

A common reason for poor seedling survival is that planting crews pick up more seedlings 
than they can reasonably plant within a short period of time. If planting crews cannot keep 
seedlings in cold storage until planting, they should arrange with the supplier to pick up smaller 
numbers of seedlings on a more frequent basis. 

Use Healthy Seedlings 

Seedlings should be graded prior to planting so that only healthy seedlings are used. Healthy 
pine seedlings should have a root collar diameter of 4/32 to 9/32 inches. Very small pine 
seedlings (under 4/32 inches diameter) and very large seedlings (over 10/32 inches in diameter) 
do not survive well. Very large seedlings are difficult to plant correctly. Root pruning is not 
recommended; there is a tendency to chop off too much of the root system. With root pruning 
now being done in the nursery beds, none is needed at the planting site. Overall survival is better 
when no root pruning is done by tree planters. Seedlings should not be planted if the roots are 
dry, Air-dried roots have less growth potential than roots that remain moist. 

Seedling Storage 

Proper seedling storage and handling before planting is critical to ensure good survival and 
growth. Seedlings must not be allowed to get hot or dry. If planting is delayed, the bags of 
seedlings should be wetted and roots dipped in a moisture-retaining gel specifically designed to 
keep roots from drying. The seedlings should then be rebundled and placed in cold storage (32- 
36° F) for no more than four weeks. If cold storage is not possible, they should be stored in a 
cool damp basement for no more than a week. At temperatures over 40°F, mold develops and 
seedlings are killed. Without cold storage, it becomes more important to dampen the roots as 
soon as they are delivered. 
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Photo 12. Proper storage and handling Photo 13. Roots of seedlings must be kept moist 

of seedlings is critical to reforestation prior to planting. 

success. 


Tree Planting 

Seedlings should be planted as soon as possible in late winter or early spring (February-April) 
after the ground has thawed. Early planting is preferred because the soil is usually wetter and 
more conducive to root growth. Root growth decreases during periods of rapid shoot elongation; 
therefore, it is important that the seedlings be planted early in the season so roots can become 
established before the weather turns warm enough for shoot growth to begin. During planting, 
crew leaders need to make certain that planters do not expose roots to the air by carrying 
seedlings in their hand. Seedlings should be carried in a planting bag and not removed until the 
planting hole is opened. Planting holes must be opened deeply enough so that the roots can be 
evenly spread in the hole. Seedlings should be planted about one inch deeper than grown in the 
nursery. Finally, the planting hole must be completely closed since any air spaces around the 
roots will cause those roots to die. 

Mine operators are advised to plant enough trees to assure survival that is adequate to achieve 
bond release. When a competent tree planting contractor plants healthy seedlings on a site that 
has been prepared properly for reforestation and summer conditions are not excessively diy, 
survival rales of >70% should be achieved. If 650 trees per acre are planted and achieve 70% 
survival, the 455 surviving trees per acre will easily meet bond release requirements for forest 
land. Planting on an 8 foot x 8 fool spacing will require 650 trees per acre. 
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Photo 14. Seedlings must be planted properly in order to survive. 


Supervision 

Planting crews should be given instructions on proper techniques prior to planting, and crew 
leaders should start quality checks immediately so that needed corrections can be made before 
much of the area is planted. In Virginia, the VDOF will do planting-quality checks for 
landowners or operators who want to verify and/or improve seedling survival. This involves 
careful lifting of planted seedlings on random plots to check on seedling health, tightness, depth 
of planting, straightness, spacing, and density. Seedlings are carefully replaced after each one is 
inspected. 

Establishing Trees When Dense Ground Cover Is Present 

Sometimes it is necessary to establish trees in an existing cover of dense grasses or legumes 
such as K-31 tall fescue or Serecia lespedeza. In order to ensure survival and good growth, 
herbicides and slow-release fertilizer pellets are highly recommended. Chemical weed control 
(herbicides applied via backpack sprayer) helps maintain the seedlings free of overtopping 
competition. By controlling dense vegetation with herbicides, seedlings will receive adequate 
sunlight and more soil water to ensure their survival. In conjunction with weed control, slow- 
release fertilizer pellets can speed growth during the first few years to help the trees grow above 
surrounding grasses. Fertilizer pellets should be placed in the closing hole about two inches from 
the roots during planting. Fertilizer pellets slowly decompose and release nutrients needed by the 
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trees. By using pellets it is possible to selectively fertilize seedlings without fertilizing 
surrounding grasses. Although fertilizer pellets are usually not available locally in the coalfields, 
they can be obtained from regional or national forestry-product supply companies that can be 
located through the internet; these companies routinely ship products to purchasers throughout 
the country. 

Herbicide technology changes rapidly. New chemicals appear on the market annually and 
herbicide labels and regulations change almost as quickly. For these reasons, a timely discussion 
of best herbicide treatments is not possible. Contact your local county extension agent, or local 
VDOF forester in Virginia, for current recommendations of specific herbicide products and 
application rates. 

Hydroseeding Trees 

Some nurse species can be hydroseeded with the ground cover provided an appropriate 
ground cover mix is used. Many direct-seeding efforts have failed in the past because the 
accompanying ground cover was too tall and dense for tree germinants to become established. 
Black locust is most easily and inexpensively established by direct seeding. If black locust is 
seeded as a nurse tree, the seeding rate should be no more than 1/2 ounce per acre. A 
disadvantage of hydroseeding nurse trees is the loss of control with respect to tree number and 
spacing. Too many nurse trees can reduce the amount of growing space for crop trees, and wind- 
blown locust branches can damage the tops of trees growing in close proximity. Therefore, 
hydroseeding trees is not recommended for most mine land reclamation. 
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Economic Considerations 

Costs of Reforestation 

The cost of reclaiming mined land with trees using the methods recommended in this 
publication (“Forestry Reclamation Approach”) can be comparable to or less expensive than 
reclamation for hayland/pasture, and less expensive than reforestation using conventional 
reclamation methods . Table 4 shows that the use of these suggested guidelines for forest land 
can save several hundred dollars per acre compared to reclamation for hayland/pasture. The 
greatest cost savings occurs due to reduced grading. Our discussions with mine operators 
indicate that, on average, about 2 to 4 hours of bulldozer work per acre can be saved by leaving 
level areas and short slopes in a rough-graded condition and not tracking-in the surface (the cost 
of a D-9 bulldozer with operator was estimated to be $200/hr). 

Coal companies doing reforestation should be able to realize additional costs savings on 
regrading and reseeding costs since groundcover and gully elimination requirements for forest 
land are not as strict as for hayland/pasture; we have estimated that savings at about $125 per 
acre. Seed and fertilizer for the tree-compatible ground cover fTable 3 1 costs less than 
hayland/pasture seed mixtures with high rates of K-31, clovers and other species; in Table 4 . we 
have estimated that cost difference at $75 per acre. 

Forest land reclamation does involve tree planting costs. Planting 650 trees/acre will affect 
reclamation cost for reforestation. We have estimated this cost at $250/acre for the conventional 
reclamation, because the low-value species that have the best chance of survival on such sites 
will also be less expensive to purchase as seedlings than the native hardwoods, such as the oaks, 
that can be planted and survive if the Forestry Reclamation Approach is used. We have estimated 
the cost of planting a site with high-quality hardwoods at $500/acre. 

If compaction has been avoided by reduced grading, and a tree-compatible ground cover is 
used (FRA reclamation), a sufficient number of trees will become established through the 
combination of planting and natural invasion to satisfy bond release requirements and result in a 
well-stocked forest without any replanting of trees. If FRA reclamation is not used, traditional 
reclamation approaches that emphasize smooth grading and thick grass cover will have a 
negative effect on tree survival and replanting may be required even with the lower-value and 
more easily established species that are commonly use in those approaches; we have estimated 
the cost of re-planting non-FRA areas at $200 per acre. 

Another significant cost savings using FRA reclamation is associated with sediment pond 
clean-out. Our discussions with mining operators indicate that less sediment moves off the site 
when loose grading practices are used, because loose spoils allow rainwater to infiltrate while 
tightly-graded spoils cause more rainwater to run off the surface. Because less rainwater runs off 
the surface of loosely graded spoils, less soil is eroded and carried to the sediment pond. Based 
on our discussions with coal operators, FRA prepared land can eliminate the need for sediment 
pond cleanout. Cleanout costs range from $10,000 to $50,000 depending on the size and 
complexity of the sediment pond, and cleaning without FRA site preparation may be required 
two or more times during the bond period. Cost savings associated with reduced sediment pond 
cleaning is very mine site specific and hard to estimate, but, on average, is very significant. 
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Table 4. Relative costs of two common reclamation methods, compared to quality reforestation 
with native hardwoods using the Forestry Reclamation Approach (FRA): Flayland/pasture 
reclamation, and reforestation using methods that were commonly employed prior to the 
Forestry Reclamation Approach using heavy surface grading and thick grass cover (pre-FRA). 
Costs are illustrative, based on discussions with mining firms, and meant to be typical as of mid- 
to-late 2000s. 


Operation 

Hayland/Pasture 

Pre-FRA 

Reforestation 

FRA 

Reforestation® 

Grading cost difference 

+400 to 800 

+400 to 800 

- 

Seed and fertilizer cost difference 

+75 

+75 

- 

Gully repair 

+ 125 

- 

- 

Tree planting 

-500 

-250 

- 

Re-planting trees due to poor 

- 

+100 

- 

survival 

Increased cost for sediment pond 

+ ? 

+ ? 

- 

cleanout 

Total 

+100 to 5000 

+ 300 to 700 

- 


® Baseline or reference; Hayland/Pasture and Pre-FRA Reforestation costs are estimated as differences, 
relative to FRA Reforestation. 


Benefits of Quality Reforestation 

Numerous benefits are created when coal mining firms establish productive forests on land 
that has been mined for coal (see Table 5). One way to describe that outcome is to say that the 
opportunity for quality reforestation is a “win - win - win“ situation: the mining firm wins 
because quality reforestation is cost effective and helps to achieve prompt regulatory 
compliance; the surface owner wins because the land created through use of these reclamation 
methods is more productive, and more valuable than the coal-mined land that is produced using 
traditional reclamation methods; and the general public wins because of the economic and 
environmental benefits that result from quality reforestation - in addition to enjoying the benefits 
of cost-effective coal-generated electric power . VCE Publication 460-138 describes the post- 
mining land value that is created through quality reforestation. 
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Photo 15. A mine site reciaimed using the guidelines in this publication at age 7. As the native 
trees pictured in this photo gro\A/ and mature, the vegetation will become more like the native 
forests that occupy most of the umined landscape in the coalfield region, and the area will 
become less visible as a former coal mine. 


SMCRA require."! that mine reclamation operations “restore the land affected to a condition 
capable of supporting the uses which it was capable of supporting prior to any mining, or higher 
or better uses of which there is reasonable likelihood.” Numerous Appalachian coal mines have 
been reclaimed to support improved post-mining land uses such as pasture land for grazing, 
development for housing, commercial activity, or industry, and public purposes such as 
recreation. However, the majority of coal-mining sites become forested after mining; such lands 
can be reclaimed using the procedures described in this publication to create the economic and 
environmental benefits summarized by fable 5. 
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Table 5: Summary of benefits that occur when mining firms restore high-quality forests when 
reclaiming mine sites. 


Beneficiary 

Nature of Benefit 

Further details 

Mine 

Operator 

Cost-effective Reclamation and 
prompt bond release. 

As described in this publication (see 
Table 4). 

Landowner 

Post-mining Economic Value: Trees 
growing on sites reforested using FRA 
reclamation practices will produce 
thousands of dollars per acre in 
economic value for the landowner. 

See VCE Publication 460-138. 

Coal 

Industry 

Positive Public Perceptions: Mine 
sites are visible elements of the 
landscape, from the ground and from 
the air. 

Public concern with environmental 
impacts of coal mining is increasing. 
Mines that demonstrate environmental 
stewardship help the industry 

Coal 

Purchasers 

Positive Public Perceptions: Electric 
utilities can inform the public that they 
purchase coal from mines that reclaim 
the land effectively. 

Public concern with environmental 
impacts of electric power generation is 
increasing; that concern extends to 
energy and fuel sources. 

General 

Public 

Economic impacts: Wood products 
from reclaimed mines generate 
economic impacts when harvested. 

See VCE Publication 460-138, 


Environmental Impacts: Productive 
forests, when growing on mine sites 
or on natural soils, provide numerous 
ecosystem services that benefit 
people who reside in coal mining 
areas and beyond. 

Examples (partial listinal; 

Serve as wildlife habitat. 

Hold soil, prevent soil erosion. 

Maintain clean water quality. 

Protect the watershed by enhancing 
groundwater recharge and reducing 
peak stormflows to help prevent 
flooding. 

Store carbon so as to aid in mitigating 
climate change. 

Maintain landscape aesthetics 
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Summary 

The purpose of this publication is to provide practical, cost-effective guidelines for reclaiming 
surface-mined land to forests using the principles of reforestation silviculture. These guidelines 
should benefit coal mine operators by helping ensure timely release of reclamation performance 
bonds. The guidelines also include procedures that help improve the quality of mine soils and 
sites for timber production and other forest values. 

Reclamation procedures for forest land differ in several important ways from procedures for 
hayland/pasture or other post-mining land uses. The key principles for timely and successful 
reforestation of mined land are summarized below. 


Selecting, Placing, and Grading Mine Soil Material 

Spoil selection: Four feet or more good-quality mine spoil and/or topsoil should be placed at 
the surface to accommodate the need of deeply rooted trees. Mine spoils with low to moderate 
levels of soluble salts, an equilibrium pH of 5.5 to 6.5, and a sandy loam texture are preferred. A 
mixture of two parts of brown, oxidized sandstone, and one part siltstone or shale found near the 
surface in most areas of Virginia's coal fields weathers quickly into a good soil medium for trees. 
If native topsoil is available, mixing even small amounts of fresh soil into the surface will 
increase volunteer establishment and seedling survival. 

Loose Gradine: Minimizing soil compaction is extremely important. Compaction on level 
areas can be minimized by end dumping spoil piles and waiting until all piles are in place before 
lightly leveling them, using a small bulldozer if possible. Restrict traffic on leveled areas to 
specific, designated roads and parking areas. Do not track-in or compact surface soils unless 
compaction is necessary for stability. Forest land surfaces are naturally rough; rough grading and 
grading for slope stability are usually adequate. 


Selecting and Establishing Ground Cover Vegetation 

Tree-compatible eroundcover: Reforestation requires a carefully-planned balance between 
ground cover for erosion control and trees' requirements for light, water and space. Ground 
covers that include grass and legume species that are slow-growing, have a sprawling growth 
form, and are tolerant of acid, infertile mine soils should be used for reforestation when required 
to control erosion at acceptable levels. Fast-growing grasses and legumes, such as K-31 tall 
fescue and most clover species (except white and ladino) should be avoided. 

Selecting Tree Species and Establishing Trees 

Tree species selection: When mined land is reclaimed according to these guidelines, a variety 
of hardwood and softwood species can be planted and established successfully. When 
reestablishing native forest for reclamation, the tree species mix should be approximately 80% 
“crop trees” and 20% “nurse and wildlife” trees. The crop trees are commercially values species 
such as the oaks. Wildlife/nurse trees are of pioneer species such as nitrogen-fixing trees and 
shrubs are easily established by planting seedlings. Additional hardwood species from the native 
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forest will eventually seed in and flourish when proper groundcovers and woody species are 
planted during reclamation. For good forest stand development, 600 to 700 trees per acre should 
be established by a combination of planting, seeding, and natural invasion. 

Seedline handlins and plantins techniques: Poor tree survival and early growth are usually 
due to improper seedling handling or planting. Trees must be kept dormant until planted; they 
should never be allowed to dry out; they should be planted in late winter to early spring; and they 
should be planted deeply and firmly enough to ensure survival. Only reputable and experienced 
tree planting crews should be used for tree planting. 

Establishine trees in dense ground cover: Herbicide should be sprayed in spots or strips 
(along the contour) in order to ensure seedling survival and emergence above established ground 
covers. Fertilizer pellets can be placed in the planting bar closing hole next to the tree (never in 
the planting hole) to speed early growth and emergence above ground covers. On newly 
reclaimed sites, it is preferable to use tree-compatible groundcovers which allow planted 
seedlings to survive without using herbicides. 

Costs and Benefits of Quality Reforestation 

Costs: Quality reforestation can be less expensive than reclamation for hayland/pasture use 
because forest land reclamation requires less grading, less repair work, and less seed and 
fertilizer for ground covers. Extensive grading compacts mine soils which decreases tree survival 
and growth. Rougher ground surfaces and less aggressive ground covers are consistent with 
forest land uses. 

Benefits: Use of quality reforestation procedures in reclamation creates a “win - win - win” 
situation: The mine operator benefits because of prompt bond release and cost-effective 
reclamation procedures; the landowner benefits from the resulting increase in post-mining land 
capability and value; and the public benefits from the environmental services that reforested 
mined landscapes can provide. Use of quality reforestation by mining firms creates benefits for 
the coal industry through positive impacts on public perceptions of coal and coal mining. 

Bottom Line 

Coal mines can be reclaimed to create productive, high quality forests. Such practices are cost 
effective and can achieve regulatory compliance. The practices outlined in this publication are 
intended to achieve that goal. Coal mining firms can execute the practices most effectively when 
reclamation personnel are aware of basic reforestation principles, and of how reclamation 
practices are affecting the chemistry, physical properties, and biology of the mining site. When 
mine soils are capable of producing high growth rates, other forest values such as wildlife 
habitat, water quality, and recreational opportunities are also maximized. 

Restoring economically-viable post-mining forests requires little or no additional effort or 
expense compared to other land uses. Use of the reclamation procedures outlined in this 
publication will help create highly-productive forests in a timely manner so that the mine 
operator, the landowner, and local communities will benefit. 
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0400-3-7-.0I Introduction 040CI-3-7-.03 Backfilling and Grading 

0400-3-7-.02 Access Roads 0400-3-7-.04 Vegetation 

0400-3-7-.0I INTRODUCTION. In addition to fulfilling all the requirements of Sections 58-1540-58-1564, 
T.C.A. and all requirements in Chapters 0400-3-1-0400-3-6, the following special provisions contained in Chapter 
0400-3-7 are to be adhered to by all operators of surface cttal mines. 

Authority: T.C.A. Section 58-1543. Administrative History. Original Rule certified 
May 24. 1974. Amended, fifed November 12. 1975, elective December 12. 1975. 

0400-3-7-.02 ACCESS ROADS. 

(1) Detinition. -"Ilaulageway or access road” shall mean any road constructed, improved or used by the 
operator (except public roads) which ends at the pit or bench and which is located within the permitted 
area. A bench may serve as a haulageway, but a haulageway cannot serve as a bench. 

(2) Location, 

(a) The location of the proposed haulageway shall be identified on the site by visible markings at 
the time the reclamation and mining plan is prc-inspccted and prior to commencement of 
construction. 

(b) No road shall be constructed in a stream or drainage channel proper or so close to its bank that 
material will spill into the channel during construction, use, or maintenance. 

(3) Grading. 

(a) Maximum Grades-Ncw access roads shall be located and constructed so that: 

1. No sustained grade shall exceed 10%. 

2. The maximum grade shall not exceed 15% for 300 feet. 

3. There shall not be more than 300 feet of maximum grade for each 1,000 feet of road 
constructed. 

4. The surface shall be insloped toward the ditch line at the minimum rate of 1/2 inch per 
foot of surface width. 

5. The grade on .switchback curves must be reduced to less than the approach grade and 
shall not be greater than 1 0% 

6. The grade on temporary roads on or between benches, which wilt be destroyed within 
three (3) months by the mining or reclamation process shall not exceed 20%. 

(b) Cut Slopes-Cut slopes shall not be more than 45 degrees, or 1 ,0 horizontal to 1.0 vertical, except 
in stable rock. 

(4) Drainage. 
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(a) Stream or Drainage Crossings. -Drainage structures shall be required in order to cross a stream 
or drainage channel. They shall be such so as not to affect the normal flow of the stream. 
Consideration will be given to the time of year the stream is crossed and the length of time the 
stream channel is used, but in no event, and under no condition, will the normal flow of the 
stream be affected or the sediment load of the stream be significantly increased during 
construction and/or use. 


(b) Ditches. -A ditch shall be provided on both sides of a through-cut and on the inside shoulder of 
a cut-fiil section, with ditch relief cross-drains being spaced according to grade. Water shall be 
Intercepted before reaching a switchback or large fill and led off. Water on a fill or switchback 
shall be released below, not over, the fill. 


(c) Culverts. - Ditch relief culverts shall be installed as needed to insure adequate drainage as 
determined by the Commissioner. 


1. The suggested spacing of culverts is as Ibllows: 

Spacing of Culverts 
in Feet 


Road Grade 
in Percent 


2-5 
6- 10 
11-15 


300 800 

200 300 

100 200 


In determining culvert spacing, consideration shall be given to the area drained, and its slope, shape, cover and 
runoff characteristics. 

2. The inlet end shall be protected by a headwall of .suitable material and the outlet end 
shall have an apron of suitable material provided for the outflow to spill on, No water 
shall be allowed to flow across loose spoil. Ditches in these areas shall be lined with 
rock. 

3. The culvert shall be covered by compact fill to a depth of one foot or half the culvert 
diameter, whichever is greater. 

4. Culvert openings installed on access roads should not be less than one hundred (100) 
square inches in area, but, in any event, all culvert openings shall be adequate to carry 
normal runoff and shall receive necessary maintenance to function properly at all times. 


(d) Removal of Drainage Structures.-No bridges, culverts, stream crossings, etc., necessary to 
provide access to the operation, may be removed until reclamation is completed and approved 
by the Commissioner. The same precautions as to water quality are to be taken during removal 
of drainage structures as those taken during construction and use. 

(5) Construction and Maintenance. 

(a) Surfacing - Access roads must be surfaced with an approved, non-erodible material, but shall 
not be surfaced with coal refuse or any acid-producing or toxic material. Approved materials 
include crushed stone, gavel, "red dog," crushed slag, and chert. 

(b) Seeding of Slopes - All f fill and cut slopes which will be left after mining shall be seeded 
immediately after the construction of the road in order to control erosion in accordance with 
Rule 0400-3-7-.04(4). 

(c) Surface Drainage - No berm produced during construction, grading, or maintenance of the road 
shall be left on the ditch side. 


(6) Abandonment of Access Road. 
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(a) When an access road is to be abandoned and shall no longer be used as a road by the operator, 
the landowners, or the State or National Forest Services, vegetative cover and surface drainage 
to minimize erosion shall be provided. Regardless of the future use of the road, adequate surface 
drainage shall be provided. ’’Abandoned" means that the operator has ceased to use the road and 
has not turned the road over to another party for his use. When the road is abandoned and proper 
vegetative cover is provided, the bond on the road shall be released. If the road is not to he 
abandoned, but turned over to another party for his use, and adequate surface drainage and 
surfacing have been provided, the bond on the road shall be released. 

(b) When the access road is to be abandoned, culverts shall be removed and replaced by water bars 
of the earth or rock type, open-top log culverts, or .similar structures. They shall be installed 
according to the following table of maximum spacings: 


Grade (Percent) 
2 
5 

10 

15 


Maximum Spacing (Feett 
250 
135 
80 
60 


(7) Special Circumstances. Should the Division determine that modifications to this Chapter are necessary 
becau.se of topography or particular watershed situalion.s, the Commissioner may, in his discretion, 
make such modifications. 

Authority: T.C.A. Sectiof7 58~I343. Administrative History. Original Rule was certified May 24. 1974. 
(5)-Amended: Filed May 17, 1974: Effective June 17, 1974. 

0400-3-7-.03 BACKFILLING AND GRADING. 


(1) General Provisions. 

(a) Application, -The following provisions shall apply to all coal mining operations, in addition to 
other specific provisions applying to pai ticular types of mining. 

(b) Handling of Toxic Materials.-AII toxic or acid-producing materials shall be properly handled 
and segregated within the pit. After removal of the coal, the faces of coal seams, the bottom of 
the pit, and all toxic materials, waste coal, metal, lumber, and other mining refuse shall be 
covered with spoil to a compacted depth of at least four (4) feet. However, the coal seam may, 
instead, be covered by a permanent water impoundment If the impoundment is pan of the 
mining and reclamation plan approved by the Commissioner. This work is to be completed as 
soon as possible, but not later than the time specified in this regulation. 

(c) Breakthrough to LInderground.-Any breakthrough to an underground mine must he rept)ried. If 
any water drains from the underground mine, Ihe Water Quality Control Division of the 
Department of Public Health and the Knoxville Office of the Surface Mining Division or the 
Inspector shall be notified as soon as possible, but at least within twenty-four (24) hours, and 
temporary corrective measures started immediately. Plans for permanent control of drainage 
must be submitted to the Knoxville Office within five (5) days, and the work shall he completed 
within thirty (30) days of approval. If no water drains from the breakthrough, the Knoxville 
Office shall be notified in writing within five (5) days. If the operator is in doubt as to whether 
the underground mine is wet or dry, the breakthrough shall be reported as soon as po.ssible, but 
at least within twenty-four (24) hours. 

(d) Protection of Streams.-No mining, placement of spoil, or associated activity will be permitted 
within one hundred (100) feet horizontal distance of any stream, except that roads may be 
constructed within one hundred (100) feet of a stream where such roads are part of the approv ed 
mining and reclamation plan and in special circumstances, such a.s where head-of-hollow' fill 
plans have been approved by the Commissioner, 
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(e) Water Control. 

1. The water flow from the mine area and haul roads shall be controlled to mini, mize soil, 
erosion, damage to other lands, and pollution of streams or other waters. This may 
include construction of checks, impoundments, silt-trap dams, and water bars in 
conjunction with other control measures as required. All sediment control structures shall 
be constructed according to criteria contained in the Drainage Handbook for Surface 
Mining provided by the Department of Conservation. 

2. The Tennessee Water Quality Control Act of 1970, TCA 70-324 el seq., requires that all 
runoff or pumped discharges must be covered by a discharge permit from the Division of 
Water Quality Control if the quality of the water is or may be altered in any way. All 
discharges or runoff must meet the water quality standards promulgated by the Water 
Quality Control Division. 

(f) Special Conditions. -When special unusual conditions at the site make the application of these 
regulations unwise, unnecessary, or impossible, deviations may be allowed with written 
approval of the Commissioner as long as the etTects do not violate the intent of the Law. 

(2) Contour Mining. 

(a) Application.- These regulations shall apply in areas where the slope of the original ground 
covering the coal seam or lying belovv the coal seam exceeds 1 5 degrees. 

(b) Spoil Handling- Landslides. 

1. I'hc mining plan shall be devised and the mining operation conducted so as to minimize 
erosion and prevent all landslides. A landslide is defined as any uncontrolled earth 
movement which carries spoil outside the approved limits, 

2. If a landslide occurs, all mining at the affected mine shall cease immediately and shall not 
resume until written permission is obtained from the Division. Permission to resume 
mining shall not be granted until 0) the slide is stabilized and graded or the material is 
recovered and replaced on the bench or other designated area, and (ii) the mining plan 
has been rc-examined and amended, if necessary in the opinion of the Division to prevent 
further slides. 

(c) Fill Bench Limitation 

1. (i) If the natural slope of the land for a distance of one-hundred (100) feet downslope 
from the coal seam outcrop Is greater than 28 degrees from the horizontal, no spoil shall 
be placed downslope from the outcrop, temporarily or permanently. Therefore, no fill 
bench is permitted on slopes over 28 degrees, and no exception can be granted. 

2. The slope below the coal seam means the average or mean slope of the ground, between 
the cropline and one-hundred (100) feet downslope. Before surface disturbance, the slope 
will be determined by making readings on the ground at intervals no greater than 
one-hundred (100) feet along -the cropline. 

(iii) Where the slope of the land below the coal seam is less than 28 degrees, the 
upgraded spoil must be placed in such a way that the spoil toe will not extend 
more than fifty (50) feel downslope from the cropline, measured along the ground 
perpendicular to the contour line. This shall be the "ungraded spoil limit line”, 
which is the maximum distance downslope that spoil may be placed during the 
initial mining phase, that is prior to final grading. 
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(Rule 0400-3-7-.03, continued) 

2. If any spoil crosses the spoil limit line, all mining shall cease immediately and shall not 
be resumed until proposed corrective actions are completed to the satisfaction of the 
inspector. 

3. Prior to placing any spoil downslope from the cropline, w'here the slope is less than 28 
degrees, tree vegetation must be cleared and grubbed (scalped) No tree vegetation shall 
be left to project from any spoil. This tree vegetation must be windrowed to produce a 
brush barrier. The brush barrier must be constructed so that the major limbs and tree 
trunks shall lay approximately parallel with the contour. The total disturbed area from the 
cropline to the downslope side of the windrowed brush barrier must not exceed 
one-hundred twenty-five (125) feet measured downslope from the cropline perpendicular 
to the contour line. The clearing and grubbing (scalping) shall not extend more than 500 
feet along the cropHne ahead of the active pit. In the case of multiple seam mining, this 
shall mean ahead of the active pit of the low'est scam. See Figure i Virgin cut before final 
grading. 

4. When the approved mining and reclamation plan calls for the use of mining methods such 
as, but not limited to, the modified -block cut, head-of-hollow fill, or offsite storage, 
deviations i'rom the above limits shall be allowed for the purpose of temporary or 
permanent storage of spoil on a limited, designated area downslope from the croplinc if 
the operator submits a plan which w'ill prevent landslides and minimise erosion and it is 
approved by the Division. 
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5. When the approved mining and reclamation plan calls for the use of mining methods such 
as, but not limited to, the modified block cut, head-ot-hollow fill, or offsite storage, 
deviations from the above limits shall be allowed for the purpose of temporary or 
permanent storage of spoil on a limited, designated area downslope from the cropline if 
the operator submits a plan which will prevent landslides and minimize erosion and it is 
approved by the Division. 

(d) Final Grading. 

1. (i) The upgraded spoil shall be graded against the highvvall and downward to roll 
gently over the outslopc to blend smoothly with the surrounding land. During the final 
grading process, part of the ungraded spoil may be graded to a maximum distance of 
onc-hundred (100) feet downslope from the cropline, measured along a perpendicular to 
the contour. The final graded oulslope shall not be steeper than thirty (30) degrees from 
the horizontal, or that slope steepness which is acccssablc with earth grading equipment, 
whichever is less. 

(ii) Spoil shall be placed against the hlghwall to eliminate or reduce its final height. A 
minimum terrace width of fifteen (15) feet shall be constructed to provide for an 
access road. A ditch shall be graded along the inside edge of the access road to 
conduct surface drainage from the fill bench to designated drainways. Such ditch 
shall be constructed to eliminate depressions in which water could accumulate 
pools. To insure proper drainage, the minimum grade of the ditch bottom shall be 
1%. At least four (4) feet of compacted spoil shall be placed over the floor of the 
pit at all points Including the bottom of all drainage ditches. The graded spoil from 
the terrace ditch to the highwall shall not he steeper than 30 degrees. No more than 
20 feet of highwall may be left at points where no highwall existed before current 
mining. See Figure 2-Virgin cut after final grading. 

2. When the mining operation is a second or subsequent cut on an orphan or otherwise 
previously mined area, the total elimination of the highwall shall not be required. All 
overburden not necessary to cover the nooroflhe pit shall be placed against the highwall 
so that the remaining highwall is no higher than that existing prior to the cur- mining. 
The entire bench area, including spoil piles from previous operations which have not 
naturally reverberated to current coverage standards, shall be graded to slope toward the 
highwall at a .slope not to exceed 5 degrees. At least four (4) feet of compacted spoil shall 
be placed over the tloor of the pit. A ditch shall be placed along the bench at the toe of 
the sloping spoil, as shown in Figure 3. Other or it a configurations meeting the highwall 
and slope limitations, such as that in Figure 4. shall also be allowed. 

3. No slope, except stable rock highwall as provided for in subsection (2), shall exceed 
thirty (30) degrees. All rock and boulders rolling off the permitted area shall be removed 
to some approved locations within the permitted area, or the permitted area shall be 
enlarged to include the area where they are left. Large rocks shall be buried or placed in 
constructed drainways as lining or in an approved manner as water-retarding structures. 

(e) Natural Drainw'ays.-Natural drainways, where water flows occasionally in a well-defined 
channel, but less often than six months per year, shall be identified prior to mining and skipped. 
No mining will be allowed within twenty-five (25) feet of the centerline of a natural drain which 
cro.sses the contour. Fill or spoil placement and construction of access roads across natural 
drainways shall be conducted so as not to affect the normal flow of the drain way or materially 
increase the sediment load in the drainway. This may be accomplished by conveying the water 
in an adequate enclosed watertight conduit beneath the access road, or by spanning the natural 
drainway with a bridge. The conduit will be placed on the original drainway bed and will extend 
to a point ten (10) feet beyond the toe of the overburden or access road embankment. 

(f) Multiple Seam Mining. When two or more seams are to be mined under any given permit, when 
the seams are not on the same highwall. the mining and reclamation plans will be treated as 
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special cases and judged on their own merits. The following general guidelines shall be 

followed: 

1. Mining Sequence The lower seam shall be mined in advance of the seam above. 

2. Overburden-Overburden from the seam being mined shall not extend beyond the solid 
bench of the seam below. 

3. No ungraded spoil shall be allowed to extend, more than fifty (50) feet downslope from a 
cropline of any seam. If the distance between the cropline of the upper seam and the top 
of highwaii of the next lower seam is greater than one-hundred (100) feel, spoil shall not 
be pushed across the intervening area to reach the lower bench, but must be hauled to the 
lower bench. 

4. All requirements which apply to a single-seam mining shall apply to multiple seam 
mining unless the mining and reclamation plan proposes an acceptable variation and is 
approved in writing by the Commissioner. 

(g) Highwaii Access.-At least one access to the lands above the highwaii, suitable for passage by a 

four-wheel drive vehicle, shall be provided eveiy mile along the bench, at locations approved by 

the inspector, 

(h) Keeping Operation Current. 

1. All coal shall be picked up within thirty (30) days following removal of the overburden, 
(for the purpose of this provision, overburden shall be considered removed when less 
than four (4) feet remains above the coal.) 

2. I f the operation includes only stripping (no angering), the grading and backfilling shall 
follow the coal removal by not more than fifteen (15) days, but in no instance shall an 
area be left ungraded more than 1,500 feet behind the removal of the coal. 

3. ffthe operation includes stripping and angering, the angering shall follow the stripping by 
not more than sixty (60) days or 2,500 feet, and the grading and backfilling shall follow 
the angering by not more than fifteen (15) days, but in no instance shall an area be left 
ungraded more than 1,500 feet behind the augcring. 

4. If the operation includes only augering, the grading and backfilling shall follow the 
augering by not more than fifteen ( 15) days, but in no Instance shall an area be left 
ungraded more than 1,500 feet behind the augering. 

5. All backfilling and necessary grading and drainage work on a given area shall he 
completed within one hundred eighty ( 180) days after the initiation of sod disturbance 
on that area. 

6. Modificalions of these requirements may be made by ihe Commissioner if heavy rains or 
wet conditions make backfilling and.''or grading impractical. 

(i) Augering. 

1. Angering is prohibited where the coal seam rises away from the outcrop at a .slope greater 
than 1/2 degree, except where the coal seam is below' drainage. 

2. "Below drainage" is defined as being below the established w'aler table, or below the 
elevation of all streams or other water bodies in the vicinity of the permitted area. 

3. Auger holes shall be plugged by forcing spoil into the openings by machine immediately 
after angering. 
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4. The exposed face of the coal scam at the highwall shall be covered with backbone 
material and compacted to at least ten (10) feet above the top of the auger holes. 
Backfiring and grading shall follow the angering by not more than fifteen (15) days or 
1 ,500 feet along the bench. 

5. Restored areas shall be graded so there will be no depressions to accumulate water and to 
facilitate rapid runoff of surface drainage from the auger area. 

6. A twenty-five (25) foot barrier of coal shall be left between any underground mine and 
the completed auger hole. Test listings may be necessary to determine the solid depth of 
outcrop so as not to penetrate the underground mine. 

7. Any breakthrough to an underground mine must be reported. If any water drains from the 
underground mine, the Knoxville office or the inspector shall be notified as soon as 
possible, but at least within twenty-four (24) hours, and temporary corrective measures 
staitcd immediately. Plans for permanent control of drainage must be submitted to the 
Knoxville office within five (5) days, and the work shall be completed within thirty (30) 
days of approval. If no water drains from the breakthrough, the Knoxville office shall be 
notified in writing within five (5) days. If the operator is in doubt as to whether the 
underground mine is wet or dry, the breakthrough should be reported as soon as possible, 
but at least within twenty-four (24) hours. 

(j) Head-of-Hollow Fills. 

1. Head-of-hollow fills shall be allowed for off-site permanent storage of excess spoil 
material only if the operator submits an acceptable engineered plan which is approved in 
writing by the Commissioner. 

2. Construction of such fills shall not violate the terms of a water quality discharge permit. 

3. Unless excepted by the Commissioner, plans for head-of-hollow fills shall provide for: 

(i) A five-fool (5) thick drainage blanket of large rocks or boulders, extending from 
the toe of the fill up the hollow to the upper surface of the tlu. 

(ii) Spoil placement in horizontal layers above the drainage blanket, compacted to a 
maximum thickness of six (6) feet per layer. 

(iii) Filling of the hollow from one side completely to the other, and from the 
downstream face to the head. 

(iv) No slope of more than 30 degrees on the downstream face, with the sloping 
sections interspersed by terraces draining to the side for every twenty-five (25) 
foot difference in elevation. 

(v) Crowning of the final upper surface so that no water drains over the downstream face. 

(vi) Adequate surface drainage so that water will flow around the fill and not over it, 
with water carried In graded ditches. Ditches on slopes over 5 degrees shall be 
rock-lined or rock-fillcd. 

(3) Area Mining. 

(a) Application.- These regulations shall apply in areas where the slope of the original ground 
covering the coal seam is 15 degrees or less. 
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(b) Site Preparation. -Topsoil and other soil suitable for supporting vegetation shall be separated 
and removed to an approved storage area for stockpiling during the mining operation. Following 
mining and initial grading, the topsoil and other soil suitable for supporting vegetation shall be 
replaced over the area affected. 

(c) Final Grading. 

1, Complete backfilling to approximately the original contour or rolling topography shall be 
required, beginning at or beyond the top of the highway and sloped to the toe of the spoil 
bank at a maximum angle not to exceed the approximate contour of the land with no 
depressions to accumulate water, and all highwalls and spoil piles shall be eliminated. 

2. Lands shall be deemed to have been completely backfilled and graded to their 
approximate original contour w'hen the contour of the land conforms approximately to 
the contour of the original ground, but the final surface of the restored area need not 
necessarily have the exact elevations of the original ground surface. However, where a 
flat surface or a surface with less slope than the original ground surface is desired, such 
surface shall be deemed to comply with backfilling and grading to the approximate 
original contour. In addition, when a very flat surface is mined, the land may be restored 
to genliy rolling terrain to enhance drainage. 

(d) Blending With Adjacent Lands.-Spoil abutting onto un.slrapped land shall be graded so as to 
blend into the adjoining stripped lands. In order to prevent excessive disturbance of the 
adjoining unstripped lands through the placing of spoil onto already vegetated areas, spoil will 
be considered as blending into the un.strlpped lands if the angle between the spoil and the 
unstripped lands is twelve ( 12) degrees or less, except that the slope created shall not be greater 
than twenty-five (25) degrees. 

(e) Water Diversion Ditches.-Water diversion ditches or terraces shall be constructed in the final 
grading to control water runolT and erosion on long uninterrupted slopes and to remove surface 
water runoff to a safe outlet. For the purpose of ihi.s regulation, a diversion ditch shall be a 
channel constructed on a continuous grade of one to two percent (l%-2%) across the slope, with 
a supporting ridge on the lower side and the entire ditch seeded to an adaptable grass or 
grass-legume mixture. The depth and width of the diversion diteh may vary depending on the 
length and degree of slope. 

(0 Water Impoundments. 

1. Water impoundments, as an alternative to backfilling the final pit, are encouraged and 
will be allowed if they are part of the approved mining and reclamation plan and if they 
meet -the follov\ing minimum criteria: 

(i) Adequate sources of water must be available to maintain the water level at least 
four (4) feet above the top oflhe coal seam at all limes. 

(ii) Proper measures must be taken to prevent undesirable seepage. 

(iii) Adequate spillways or other measures necessary to control overflow must be 
provided. 

(iv) Adequate mean.s of access to the water impoundment must be left or provided. 

(v) The highwall or low wall must be reduced to a slope fifteen (15) degrees or less, 
sloping to the water's edge. 

2. All impoundments must be designed in confoimance with the criteria included in the 
Drainage Handbook for Surface Mining provided by the Department of Conservation. 
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(g) Keeping Operation Current.-The grading and backfilling shall not be more than two (2) spoil 
ridges behind the pit being worked, the spoil from this pit being considered the first ridge. All 
backfilling and grading shall be completed w'ithin ninety (90) days after the completion of an 
operation or a prolonged suspension of work in the area and within one hundred eighty (180) 
days of initial disturbance. Modifications to these requirements may be made by the 
Commissioner In connection with the backfilling of the final pit, 

Authority: T.C.A. Section 58-1543. Administrative History. Original Rule certified May 24, 1974. (l)(c). (2)(b), 
(2)(c}. (2)(d). (2)(e). (2)(j), (2)(i), (2)0, (3)(b), Figure /, Figure 2, Figure 3. and Figure 4-A mended: Filed .May 17, 
1974; Effective June 17, 1974. (l)(c), (2)(c), (2)(d), (2)0. (3)0: Figure 1, Figure 2. Figure 3, Figure 4-Amended: 
Filed November 12, 1975: to be effective December 12. 1975. Rules 0400-3-7-. 03(c) and 0400-3-7-. 03(d) Suspended 
December II, 1975 uniilJune 30,1976. 

0400-3-7-.04 VEGETATION. 

(1) Objective in Revegetation. The objective of revegetation is to provide a self-regenerating 
cover on the disturbed area as soon as possible and to minimize erosion. 

(2) General Rules Governing Seeding or Planting. 

(a) Seasonal Feasibility .-Immediately after grading, appropriate vegetation shall be planted and 
seeded in the proper season in accordance with accepted agricultural and reforestation practices. 

(b) Plant Selection. 

1. Plants that give a quick, permanent, protective cover shall be used. Select plants to use 
after evaluating both their potential for stabilization and their use in terms of forest 
products, wildlife habitat, and agricultural benefits. 

2. Adapted plant species and mixtures are listed in 0400-3-7-.04(5)j-m. 

(c) Direct Seeding. 

1, Direct seeding of trees and shrubs is encouraged on all disturbed areas to supplement 
planted trees. 

2, Some Species Adapted to Direct Seeding: 

(i) Black (Sweet) Birch (ii) Virginia Pine (iii) Pilch Pine (iv) Red Maple (v) European 
Black Alder (vi) Autumn Olive 

3, Species that can be direct seeded arc not limited to the above list. 

(3) Contour Mining. 

(a) Application.- These regulations shall apply in areas where the slope of the original ground 
covering the coal seam or lying below the coal seam exceeds 15 degrees. 

(b) Area to be Revegetaied.-The entire disturbed area shall be fertilized and vegetated with adapted 
legumes and/or perennial grasses, and adapted trees and/or adapted shrubs, except as hereinafter 
provided, Adapted species and mixtures arc listed in 0400-3-7-.04(5)j-m. 

(c) Access Roads.-Roadbeds shall be seeded to adapted legumes and perennial grasses only, no 
trees being required. This vegetative requirement for roads may be modified if, in the opinion of 
the Commissioner, the roadway will not contribute offsite damage to the public or adjacent 
property owners. 

(d) Shrubs for Wildlife. -Shrubs for wildlife may be planted to include border plantings, clump 
plantings, intervening strips, or area planting. 


January, 2000 (Revised) 
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COAL CHAPIER 0400-3-7 

(Rule 0400-3-7-.04, continued) 

(4) Area Mining. 

(a) Application. These provisions shall apply where regrading to original contour as defined in 
0400-7-03(3)(c) is used. 

(b) Area to be Revegetated.-The entire disturbed area shall be feitilized and vegetated with adapted 
legumes and/or perennial grasses, and adapted trees and/or adapted shrubs, except as hereinafter 
provided. If future use of area will be agricultural grassland or crops, trees and/or shrubs may be 
omitted. Adapted species and mi.xturcs are listed in 0400-3-7-.04(5)j-m. 

(c) Shrubs for Wildlife.-Shrubs for wildlife may be planted to include border plantings, clump 
plantings, intervening strips, or area plantings. 

(5) Mixture and Seed Requirements 

(a) Seed Inoculation.-All legume seed, except black locust, shall be inoculated. 

(b) Scarifying.- All black locust and sericea lespedeza seed dull be scarified, except when used in 
fall and winter seeding. 

(c) Preparation of Soil. -Preparation of the seed bed by harrowing, discing, or other approved 

' methods, prior to seeding is required, except on slopes greater thin fifteen (IS) degrees, 

(d) Seeding Dates and Rates.-Dates of seeding and rates of seed used shall be in accord with the 
requirements of the adapted species selected and elevation of the site. 

(c) Livestock Grazing.-Protection of seeded area from gra>ang by livestock is required during the 
first tw'o growing seasons 

(f) Fcrtilizer.-Fertilizer shall be applied at a minimum rale of 100 pounds each of Nitrogen (N), 
Phosphate {P205) and Potash (K20) per acre. Agricultural lime shall be applied at a minimum of 
eight thousand (8,000) pounds per acre. 

(g) Mulch. 

1. All disturbed areas shall be mulched. The approved mulch and rates are: 

2. Dry Wheat Straw or Hay at a rate of four thousand (4,000) pounds, approximately 80 
bales per acre. 

3. Wood Fiber Mulch at a rate of one thousand live hundred (1,500) pounds per acre, but 
not in the months ofNovember. December, January and February. 

4 Dry Wheat Straw and hay must be anchored by asphalt emulsion or by discing the straw 
or hay on contour in mines soil. 

(h) Planting. 

1. Tree species - Planting of a single species, or of two or more species, in pure blocks or 
strips at least thirty (30) feet wide, over the entire area, or of a single species in a block or 
a contour strip is required 

(i) Preferred tree species are. 

Virginia pine 

Shortleaf pine (on light (sandy) soils only) 
niack locust 


January-. 2000 (Revised) 
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COAL CHAPTER 0400-3-7 

(Rule 0400-3-7-.04, continued) 

(ii) Other species that may be used are: 

European black alder 
Red maple 

Loblolly pine (below,. 000 ft. elevation) 

Pitch pine 
White pine 

2. T ree seedlings shall be planted at a 6’x 7'spacing. 

3. Seedlings should be planted between November 1 and May 1. 

(i) Wildlife Planting. 

1. Plantings for wildlife food and cover &hall consist of one or mom of the following: 

(i) Shrub Lespedeza: 

Lespedeza bicolor 
Lespedeza japonica 

(ii) Bush Honeysuckle: 

Amur - Lonicera maackii (Fall fruiting) 

Tatarian - Lonicera tataric (Summer fruiting) 

Autumn Olive - Elaeagnus umbellala (Fail fruiting) 

2. the following type of plantings may be made: 

(i) Intervening contour strips and borders, Contour strips or borders of wildlife food 
and cover may be substituted for the appropriate number of trees to provide space 
for planting one or more of the following shrub species: 

(I) Bush honeysuckle • 1 to 3 rows - 6' x 6’ spacing - Feb. 1 to April IS 

(II) Autumn olive - 1 to 3 rows - 6’x 6’ spacing - Feb. I to April 15 

(III) Shrub lespedeza plants - 5 rows - 2'x 2'spacing- Feb. I to April 15 

(IV) Shrub lespedeza seeded - 12 to 15 feet width -20 Ibs./ac. scarified seed 
March 1 to June 15. 

(ii) Clumps - Clump plantings numbering not more than 2 per acre may be substituted 
for trees to provide space for one or more of the following shrub species 

(I) Bush honeysuckle - 25 plants - 6' x 6' spacing - Feb. I to April 1 5 

(II) Autumn olive - 25 plants - 6’x 6’spacing- Feb. I to April 15 

(III) Shrub lespedeza plants - 700 plants - 2' x :' spacing - Feb. 1 to April 15 

(IV) Shruh lespedeza - 1 lb. scarified seed 50’x 50' area - March I to June 1 5. 

(iii) Rocky and Stony Areas. 

(I) Shrub lespedeza may be substituted For tree species using the following 
mixture for rocky and stony sites where planting of tree seedlings is not 
possible: 

(II) Plant the mixture from Dec. I to April I S. 


.Tanuar>’, 2000 (Revised) 
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COAL CHAPTER 0400-3-7 

{Rule 0400-3-7-.04. continued) 

SPECIES AMOUNT PER ACRE 


Tall fescue 20 pounds 

Shrub lespedeza (scarified seed) 10 pounds 

(j) Legumes, Perennial Grasses, and Annual Grains. One of the following mixtures shall be sown 
on the entire disturbed area, unless an alternative mixture is proposed in the Revegetation Plan 
and approved by the Commissioner. 


1. Mixture One: February -April Per Acre 

(i) Sericea Lespedeza (scarified) 

(ii) Ky-31 Tall Fescue 

(iii) Weeping Lovegrass, 

(iv) Kobe or Korean Lespedeza , 

(v) Bicolor Lespedeza 

(vi) Millett or Sudangrass 10 pounds 

2. Mixture Two: May-July 

(i) Sericea Lespedeza (scarified) 

(ii) Ky-3 I Tall Fescue 

(iii) Weeping Lovegrass 

(iv) Ricolor Lespedeza 

(v) Millett or Sudangrass 

3. Mixture Three: August-Oclober 

(i) Sericea Lespedeza (Unscarified) 

(ii) Ky-3l Tat! Fescue 

(iii) Weeping Lovegrass 

(iv) Bicolor Lespedeza 

(v) Balboa or English Rve 

4. Mixture Four November-January 

(i) Sericea Lespedeza (unscarified) 
{ii)Ky-31 Tall Fescue 

(iii) Weeping Lovegrass * 

(iv) Bicolor Lespedeza 
(V) Balboa or English Rye 


25 pounds 
25 pMjunds 
10 pounds 
10 pounds 
5 pounds 


35 pounds 
25 pounds 
10 pounds 
5 pounds 
10 pounds 


45 pounds 
9-5 pounds 
5 pounds 
5 pounds 
15 pounds 


2 0 pounds 
40 pounds 
5 pounds. 
5 pounds 
15 pounds 


(k) Evaluation of Vegetation Survival. Inspection and evaluation of vegetation for cover and 
survival shall be made as soon as it is possible to determine if a satisfactory stand has been 
established. In no instance shall this vegetative cover check be made until twelve (12) months 
following the planting oftrees or shrubs. A revegetation evaluation report shall be prepared and 
filed by the inspector. 


(1) Standards for Perennials. Standards for legumes and perennial grasses shall require at least an 
eighty percent (80%) ground cover. Bare areas shall not exceed one-fourth (1/4) acre (100 feet 
by 100 feet) in size, nor total more than twenty percent (20%) of the area seeded unless such 
areas are too stony to support vegetation. 


(m) Standards for Woody Plants with Perennials. Standards for woody plants with legumes and 
perennial grasses overseeded shall require an eighty percent (80%) establishment of ground 
cover of legume.s and perennial grasses and six hundred (600) trees 
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COAL 

(Rule 0400-3-7-.04, continued) 

or woody plants per acre distributed more or less uniformly over the area. No fifty-foot by 
llfly-foot (50’ X 50') area shall contain fewer than seventeen ( 17) surviving trees or woody 
plants. 

(n) Performance Bond Release. After the vegetative cover has been inspected and approved, the 
operator shall submit his final report to the Commissioner and request release of the remaining 
portion of the performance bond still in force. No revegetation performance bonds will be 
released until the approved revegetation plan has been carried out unless the Commissioner 
determines that further efforts toward revegetation are impractical. No revegetation plans will 
be considered to have been carried out until satisfactory coverage and survival have been 
obtained. 

Authority: T.C. A. Section 58-1543. Administrative History. Original Rule certified May 24. 1974. (2)(b), (2)(c), 

(3)(a), (3)(b), (3)(d). (4)(b), (5)(h), (5)(i) and (5)(m)-Amended: Filed .May 17. 1974: Effective June 17. 1974. 

(2)(c), (5)(f), (5)(g), (5){j)-Amended: Filed November 12, 1975: Effective December 12. 1975. 
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HOUSE BILL 455 
By McDonald 


AN ACT to amend Tennessee Code Annotated, Title 59 
and Title 69, Chapter 3, relative to water quality 
control and mining. 

WHEREAS, unsound surface coal mining practices permanently degrade the waters of 
Tennessee; and 

WHEREAS, clean water is an increasingly valuable resource throughout Tennessee and 
the Southeast; and 

WHEREAS, Tennessee's mountains are a permanent source of wealth and clean water 
for all Tennesseans; and 

WHEREAS, unsound surface mining practices trade permanent wealth and water for all, 
for the short-term gain of a few; and 

WHEREAS, Tennessee needs adequate scientific information to protect the environment 
and water quality around surface coal mining operations; and 

WHEREAS, surface coal mining operations must be restricted to limit impact on water 
and scenic vistas; and 

WHEREAS, surface coal mining results in discharges to navigable waters and applicants 
for federal surface mining permits are therefore required under Section 401 of the Federal 
Water Pollution Control Act, commonly known as the Clean Water Act, to obtain a certification 
from Tennessee that such discharges will not violate water quality standards or other 
appropriate requirements of Tennessee law and Tennessee may either deny such certification 
or impose conditions in the certification which then become part of the federal surface mining 
permit; and 
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WHEREAS, the Tennessee Wildlife Resources Agency has stated that mountain top 
removal and cross-ridge surface coal mining operations “invariably result in the loss of fish and 
aquatic life, aquatic habitat destruction and serious water pollution”; and 

WHEREAS, Tennessee would benefit from updated scientific data and analysis when 
making Section 401 certification determinations for federal surface mining permits. Completing 
a new or supplemental Programmatic Environmental Impact Statement for the Tennessee 
program, addressing direct and indirect site specific and cumulative impacts in cooperation with 
the state using the best available scientific methods and research and publishing a record of 
decision in the Federal Register would provide this updated data and analysis; now; therefore, 
BE IT ENACTED BY THE GENERAL ASSEMBLY OF THE STATE OF TENNESSEE: 

SECTION 1. Tennessee Code Annotated, Section 69-3-108, is amended by adding the 
following language as a new, appropriately designated subsection; 

( )(1) Under no circumstances shall the commissioner issue or renew a permit, 

certification, or variance that would allow; 

(A) Surface coal operations, or resulting waste, fill or in-stream treatment 
within one hundred feet (100') of any waters of the state; provided, however, that 
a permit, certification, or variance may be issued or renewed for operations to 
improve the quality of streams previously disturbed by mining; or 

(B) Surface coal mining operations to alter or disturb any ridge line that is 
above two thousand feet (2,000') elevation above sea level, such elevation being 
determined using the most current edition of the United States forest service's 
publication. Ecological Subregions of the United States. This subsection does nol 
prohibit any otherwise allowable surface coal mining above two thousand feet 
(2,000') elevation above sea level that does not alter or disturb a ridgeline; 
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(2) The requirements of this subsection do not apply to surface coal mining 
activities that are only Incidental to underground mining If the commissioner determines 
that surface disturbance and effect is limited to that required to conduct legal 
underground mining; 

SECTION 2. The provisions of this act are declared to be remedial in nature and the 
provisions of this act shall be liberally construed to effectuate its purposes. 

SECTION 3. If any provision of this act or the application thereof to any person or 
circumstance is held invalid, such invalidity or affect shall not affect other provisions or 
applications of the act which can be given effect without the invalid provision or application, and 
to that end the provisions of this act are declared to be severable. 

SECTION 4, This act shall take effect upon becoming law, the public welfare requiring 
it. 


ooDiaiej 
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ENGROSSED 

Senate Bill No. 1011 

(By Senators Tomblin (Mr. President) and Caruth, 
By Request of the Executive) 


[Introduced May 31, 2009; referred to the Committee on Economic 
Development.] 


A BILL to amend and reenact §5B-2A-3, §5B-2A-5, §5B-2A-6 and §5B-2A-9 of 
the Code of West Virginia, 1931, as amended; and to amend and reenact §22-3- 
10 of said code, all relating to ensuring the post-mine development of reclaimed 
surface mine property; defining certain terms; requiring certain counties to 
develop master land use plans for post-mine development; clarifying procedures 
relating to master land use plans and community impact statements; enhancing 
certain po\A/ers and responsibilities of the Office of Coalfield Community 
Development and the Department of Environmental Protection with respect to 
master land use plans; requiring surface mine reclamation plans to comport with 
approved master land use plans; and authorizing surface mine reclamation plans 
to contain alternative, noncomporting post-mining land uses under certain 
circumstances. 

Be it enacted by the Legislature of West Virginia: 
That §5B-2A-3, §5B-2A-5, §5B-2A-6 and §5B-2A-9 of the Code of West Virginia, 
1931, as amended, be amended and reenacted; and that §22-3-10 of said code 
be amended and reenacted, all to read as follows: 

CHAPTER 5B. ECONOMIC DEVELOPMENT ACT OF 1985. 

ARTICLE 2A. OFFICE OF COAL FIELD COMMUNITY DEVELOPMENT. 
§5B-2A-3. Definitions. 

(a) For the purpose of this article, the following terms have the meanings 
ascribed to them: 

(1) "Department" means the Department of Environmental Protection established 
in article one, chapter twenty-two of this code; 

(2) "Master land use plan" means a plan as defined in 145 CSR 8; 

(2) (3) "Office" means the Office of Coalfield Community Development; 

(3) (4) "Operator" means the definition in section three, article three, chapter 

twenty-two of this code; and 

(44 (51 "Renewable and alternative energy" means energy produced or generated 
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from natural or replenishable resources other than traditional fossil fuels or 
nuclear resources and includes, without limitation, solar energy, wind power, 
hydropower, geothermal energy, biomass energy, biologically derived fuels, 
energy produced with advanced coal technologies, coalbed methane, fuel 
produced by a coal gasification or liguefaction facility, synthetic gas, waste coal, 
tire-derived fuel, pumped storage hydroelectric power or similar energy sources. 
(b) Unless used in a context that clearly requires a different meaning or as 
othenwise defined herein, terms used in this article shall have the definitions set 
forth in this section. 

§5B-2A-5. Powers and duties. 

The office has and may exercise the following duties, powers and 
responsibilities: 

(1) To establish a procedure for developing a community impact statement as 
provided in section six of this article and to administer the procedure so 
established: 

(2) To establish a procedure for determining the assets that could be developed 
in and maintained by the community to foster its long-term viability as provided in 
section eight of this article and to administer the procedure so established; 

(3) To establish a procedure for determining the land and infrastructure needs in 
the general area of the surface mining operations as provided in section nine of 
this article and to administer the procedure so established; 

(4) To establish a procedure to develop action reports and annual updates as 
provided in section ten of this article and to administer the procedure so 
established; 

(5) To determine the need for meetings to be held among the various Interested 

parties in the communities impacted by surface mining operations and, when 
appropriate, to facilitate the meetings; 

(6) To establish a procedure to assist property owners in the sale of their 

property as provided in section eleven of this article and to administer the 
procedure so established; 

(7) In conjunction with the department, to maintain and operate a system to 

receive and address questions, concerns and complaints relating to surface 
mining; and 

(8) On its own initiative or at the request of a community in close proximity to a 

mining operation, or a mining operation, offer assistance to facilitate the 
development of economic or community assets. Such assistance may shall 
include the preparation of a master land use plan pursuant to the provisions of 
section nine of this article. 

§5B-2A-6. Community impact statement. 

(a)(1) The operator shall develop a community impact statement, as described in 
this section, which shall be submitted to the office within sixty days of the filing of 
a surface mining application pursuant to the provisions of article three, chapter 
twenty-two of this code. Failure to submit a community impact statement to the 
office shall be considered a violation under the provisions of section seventeen of 
said article; and 

(2) The operator shall provide copies of the community impact statement to the 
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d i v i sion's department's office of mining reclamation and office of explosives and 
blasting and to the county commissions, county clerks' offices and local, county 
or regional e conomic development or redevelopment authorities of the areas to 
be affected by the surface mining operations. 

(b) The community impact statement, where practicable, shall not be a highly 

technical or legalistic document, but shall be written in a clear and concise 
manner understandable to all citizens. The community impact statement shall 
include the following: 

(1) The amount and location of land to be mined or used in the actual mining 
operations; 

(2) The expected duration of the mining operations in each area of the 
community; 

(3) The extent of anticipated mining-related property acquisitions, to the extent 
that such acquisitions are known or knowable; 

(4) The intentions of the surface and mineral owners relative to the acquired 
property, to the extent that such intentions are known or knowable; 

(5) A statement of the post-mining land use for all land within the permit 
boundary; 

(6) The intended blasting plan and the expected time and duration it will affect 

each community; 

(7) Information concerning the extent and nature of valley fills and the 

watersheds to be affected; and 

(8) Economic information, such as the number of jobs created and annual coal 
production resulting from the surface mining operation, the anticipated life of the 
mining operation and such other information as may be deemed appropriate; and 
f9t An acknowledgment of the recommendations of any approved master land 
use plan that pertains to the land proposed to be mined, including an 
acknowledgment of the infrastructure components needed to accomplish the 
designated post-mine land use required by the plan. 

(c) Where the operator makes any significant revision to the permit application 

under section eighteen, article three, chapter twenty-two of this code, which 
revision substantially affects any of the information provided in subsection (b) of 
this section, the operator shall revise the affected provisions of its community 
impact statement and shall submit such revisions as set forth in subsection (a) of 
this section. 

(d) Within thirty days of receipt of a community impact statement pursuant to 
subdivision (2t. subsection (at of this section or a revised community impact 
statement pursuant to subsection (c) of this section, the local, county or regional 
development or redevelopment authorities of the areas to be affected by the 
surface mining operations shall provide a written acknowledgment of the receipt 
of this community impact statement or revised community impact statement to 
the department's Division of Mining Reclamation, to the county commission or 

county commissions arid to the office. 

(d) fe] The provisions of this section shall apply as follows: 
(1) To all surface mining permits granted after th e e ff e ct i v e d a t e- of this art i cl e 
June 11, 1999; and 
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(2) At the first renewal date of all previously issued permits: Provided, That the 
permittee shall be afforded ninety days from said date to comply with the 
provisions of this section. 

§5B-2A-9. Securing developable land and infrastructure. 

(a) The office shall determine the land and infrastructure needs in the general 

area of the surface mining operations. 

(b) For the purposes of this section, the term "general area" shall mean the 

county or counties in which the mining operations are being conducted or any 
adjacent county. 

(c) To assist the office the operator shall be required to prepare and submit to the 

office the information set forth in this subsection as follows: 

(1) A map of the area for which a permit under article three, chapter twenty-two 
of this code is being sought or has been obtained; 

(2) The names of the surface and mineral owners of the property to be mined 

pursuant to the permit; and 

(3) A statement of the post-mining land use for all land which may be affected by 

the mining operations. 

(d) In making a determination of the land and infrastructure needs in the general 
area of the mining operations, the office shall consider at least the following: 

(1) The availability of developable land in the general area; 

(2) The needs of the general area for developable land; 

(3) The availability of infrastructure, including, but not limited to, access roads, 
water service, wastewater service and other utilities; 

(4) The amount of land to be mined and the amount of valley to be filled; 

(5) The amount, nature and cost to develop and maintain the community assets 
identified in section eight of this article; and 

(6) The availability of federal, state and local grants and low-interest loans to 
finance all or a portion of the acquisition and construction of the identified land 
and infrastructure needs of the general area. 

(e) In making a determination of the land and infrastructure needs in the general 
area of the surface mining operations, the office shall give significant weight to 
developable land on or near existing or planned multilane highways. 

(f) The office may secure developable land and infrastructure for a development 

office or county through the preparation of a master land use plan for inclusion 
into a reclamation plan prepared pursuant to the provisions of section ten, article 
three, chapter twenty-two of this code. No provision of this section may be 
construed to modify requirements of article three of said chapter. Partic i pat i on i n 
a master l and use ptan is vo l unt a ry 


may The countv commission or other governing body for each county in which 
there are surface mining operations that are subject to this article shall determine 
land and infrastructure needs within their jurisdictions through the development of 
a master land use plan which incorporates post-mining land use needs that 
i nc l ud e . including, but not limited to. renewable and alternative energy uses, 
residentiai uses, highway uses, industrial uses, commercial uses, agricultural 
uses, public facility uses or recreational facility uses. A county commission or 




410 


other governing body of a county may designate a local, county, or regional 
development or redevelopment authority to assist in the preparation of a master 
land use plan. A county commission or other governing body of a county may 
adopt a master land use plan developed after July 1, 2009, only after a 
reasonable public comment period: 

(2) A mast e r l and us e plan must b e r e v ie w e d by th e offic e of coa l f iel d community 

d e v e lopment and approv e d by th e Div i s i on of Env i ronm e ntal Prot e ction pursuant 

to secti on t e n, articl e thr ee , chapt e r tw e nty two of th i s cod e b e for e th e m a st e r 
land use plan ean be imp le m e nt e d ^ 

(2) Upon the request of a county or designated development or redevelopment 

authority, the office shall assist the county or development or redevelopment 
authority with the development of a master land use plan: 

The Department of Environmental Protection and the Office of Coalfield 
Community Development shall review master land use plans existing as of July 
1 . 2009. If the office determines that a master land use plan complies with the 
requirements of this article and the rules promulgated pursuant to this article, the 
office shall approve the plan on or before July 1, 2010: 

(Bt Master land use plans developed after July 1 , 2009, shall be submitted to the 
department and the office for review. The office shall determine whether to 
approve a master land use plan submitted pursuant to this subdivision within 
three months of submission. The office shall approve the plan if it complies with 
the requirements of this article and the rules promulgated pursuant to this article: 
to The office shall review a master land use plan approved under this section 
every three years. No later than six months before the review of a master land 
use Plan, the countv or designated development or redevelopment authority shall 
submit an updated master land use plan to the department and the office for 
review. The countv mav submit its updated master land use plan only after a 
reasonable public comment period. The office shall approve the master land use 
plan if the updated plan complies with the requirements of this article and the 

rules promulgated pursuant to thjs article: 

(Dt If the office does not approve a master land use plan, the county or 
designated development or redevelopment authority shall submit a supplemental 
master land use plan to the office for approval: 

(3) (4) The required infrastructure component standards needed to accomplish 
the designated post-mining land uses identified in subd i v i sion (1) of th i s 
subs ection a master land use plan shall be developed by the r ele vant stat e , l ocal, 
county or r e gional its designated development or redevelopment authority. These 
standards must be in place before the respective stat e , local, county or r e g i on al 
development or redevelopment authority can accept ownership of property 
donated pursuant to a master land use plan. Acceptance of ownership of such 
property by a stat e , loca l , county or r e g i ona l development or redevelopment 
authority may not occur unless it is determined that: (a) (i) The property use is 
compatible with adjacent land uses; {b) {H} the use satisfies the relevant county 
or development or redevelopment authority's anticipated need and market use; 
(o) (iil] the property has in place necessary infrastructure components needed to 
achieve the anticipated use; {d) {jy} the use is supported by all other appropriate 
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public agencies; (e) (y) the property is eligible for bond release in accordance 
with section twenty-three, article three, chapter twenty-two of this code; and {f) 
(vi) the use is feasible. Required infrastructure component standards require 
approval of the relevant county commission er, commissions or other county 
governing body before such standards are accepted. County commission or 
other county governing body approval may be rendered only after a reasonable 
public comment period; 

(4) (51 The provisions of this subsection shall not take effect until legislative rules 
are promulgated pursuant to paragraph (C), subdivision (1), subsection (c), 
section twenty-three, article three, chapter twenty-two of this code governing 
bond releases which assure sound future maintenance by the local or regional 
economic development, redevelopment or planning agencies. 

CHAPTER 22. ENVIRONMENTAL RESOURCES. 

ARTICLE 3. SURFACE COAL MINING AND RECLAMATION ACT. 

§22-3-10. Reclamation plan requirements. 

(a) Each reclamation plan submitted as part of a surface mining permit 
application shall include, in the degree of detail necessary to demonstrate that 
reclamation required by this article can be accomplished, a statement of: 

(1) The identification of the lands subject to surface mining over the estimated life 
of these operations and the size, sequence and timing of the operations for which 
it is anticipated that individual permits for mining will be sought; 

(2) The condition of the land to be covered by the permit prior to any mining, 
including: (A) The uses existing at the time of the application and, if the land has 
a history of previous mining, the uses which preceded any mining; (B) the 
capability of the land prior to any mining to support a variety of uses, giving 
consideration to soil and foundation characteristics, topography and vegetation 
cover and, if applicable, a soil survey prepared pursuant to subdivision (15), 
subsection (a), section nine of this article; and (C) the best information available 
on the productivity of the land prior to mining, including appropriate classification 
as prime farmlands and the average yield of food, fiber, forage or wood products 
from the lands obtained under high levels of management; 

(3) The use which is proposed to be made of the land following reclamation, 
including a discussion of the utility and capacity of the reclaimed land to support 
a variety of alternative uses, including, but not limited to. renewable and 
alternative energy uses, residential uses, highway uses, industrial uses, 
commercial uses, agricultural uses, public facility uses or recreational facility 
uses, and the relationship of the use to existing land use policies and plans and 
the comments of any owner of the surface, other state agencies and local 
governments which would have to initiate, implement, approve or authorize the 
proposed use of the land following reclamation; 

Th e pl a n may i nc l ud e a m a st e r p la n -a s prov i d e ct4n s e ction n i n e , a rt i cl e two -a , 
chapt er f i v e- b of th i s cod e- w hie h -inct ud e d a po s t-m i n i ng t and - u se consist e nt w i th 
th e r e o l amation and post - m i n i ng la nd us e r e qu i r e m e nts of th is art i cl e ; 

(A) The post-mining land use proposed in any reclamation plan for lands 
proposed to be mined by surface mining methods shall comport with the land use 
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that is specified in the approved master land use plan for the area as provided in 
section nine, article two-a, chapter five-b of this code: Provided. That the 
secretary may approve an alternative post-mining land use where the applicant 
demonstrates that: 

tit The proposed post-mining land use is a higher and better use than the land 
use specified in the approved master land use plan: 

(iit Site-specific conditions make attainment of a post-mining land use which 
comports \with the land use that is specified in the approved master land use plan 
for the area impractical: or 

(iiit The post-mining land use specified in the approved master land use plan 
\would substantially interfere \with the future extraction of mineable coal, as that 
term is defined in 1 10 CSR 1 or a successor rule, from the land to be mined. 

(B) Existing permits with approved reclamation plans may be modified by the 
operator through an appropriate permit revision to include a post-mining land use 
\which comports \with the land use that is specified in the approved master land 
use plan for the area as provided in section nine, article two-a, chapter five-b of 
this code: 

(C) By complying \with a master land use plan that has been approved in 
accordance w/ith article t\wo-a, chapter five-b of this code, a post-mining land use 
satisfies the requirements for an alternative post-mining land use and satisfies 
the variance requirements set forth in subsection fcl section thirteen, article 
three, chapter t\A/entv-t\wo of this code if applicable to the proposed use: 

(4) A detailed description of ho\w the proposed post-mining land use is to be 
achieved and the necessary support activities which may be needed to achieve 
the proposed land use; 

(5) The engineering techniques proposed to be used in mining and reclamation 
and a description of the major equipment; a plan for the control of surface water 
drainage and of water accumulation; a plan, where appropriate, for backfilling, 
soil stabilization and compacting, grading, revegetation and a plan for soil 
reconstruction, replacement and stabilization pursuant to the performance 
standards in subdivision (7), subsection (b), section thirteen of this article for 
those food, forage and forest lands identified therein; and a statement as to how 
the operator plans to comply with each of the applicable requirements set out in 
section thirteen or fourteen of this article; 

(6) A detailed estimated timetable for the accomplishment of each major step in 
the reclamation plan; 

(7) The consideration which has been given to conducting surface mining 
operations in a manner consistent with surface owner plans and applicable state 
and local land use plans and programs; 

(8) The steps to be taken to comply with applicable air and water quality laws and 
rules and any applicable health and safety standards; 

(9) The consideration which has been given to developing the reclamation plan in 
a manner consistent with local physical environmental and climatological 
conditions; 

(10) All lands, interests in lands or options on the interests held by the applicant 
or pending bids on interests in lands by the applicant, which lands are contiguous 
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to the area to be covered by the permit; 

(11) A detailed description of the measures to be taken during the surface mining 
and reclamation process to assure the protection of: 

(A) The quality of surface and groundwater systems, both on and off site, from 
adverse effects of the surface mining operation; 

(B) The rights of present users to the water; and 

(C) The quantity of surface and groundwater systems, both on and off site, from 
adverse effects of the surface mining operation or to provide alternative sources 
of water where the protection of quantity cannot be assured; 

(12) The results of tests borings which the applicant has made at the area to be 
covered by the permit or other equivalent information and data in a form 
satisfactory to the director, including the location of subsurface water and an 
analysis of the chemical properties, including acid-forming properties of the 
mineral and overburden: Provided, That information which pertains only to the 
analysis of the chemical and physical properties of the coal, except information 
regarding the mineral or elemental contents which are potentially toxic in the 
environment, shall be kept confidential and not made a matter of public record; 

(13) The consideration which has been given to maximize the utilization and 
conservation of the solid fuel resource being recovered so that reaffecting the 
land in the future can be minimized; and 

(14) Any other requirements as the director may prescribe by rule. 

(b) Any surf a c e m i n in g p e rm i t a pp li cat i on fi le d aft e r th e e ff e ct i v e dat e of th i s 


chapt e r f i v e- b of th i s cod e , as to th e po s t - min i ng l and us e . A reclamation plan 
a pprov e d but not i mp le m e nt e d or pending approval as of the effective date of this 
section may be amended bv the operator to provide for a r e v ise d r e c la mat i on 
4errt oost-mininq land use that comports with th e pro v i s i ens -e f th is 


a master land use plan that has been approved in accordance with 


article two-a, chapter five-b of this code. 


(c) The reclamation plan shall be available to the public for review except for 
those portions thereof specifically exempted in subsection (a) of this section. 

(d) The amendments to this section bv the first extraordinary session of the 


Leaislature in 2009 are effective upon the approval of the correspondin 


amendments to West Virginia's state program, as that term is defined in the 


federal Surface Minina Control and Reclamation Act of 1977, 30 U. S. C. $1291 


bv the federal Office of Surface Mining Reclamation and Enforcement. 
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SENATE RESOLUTION NO. 50 

(By Senators Tomblin (Mr. President), Boley, Bowman, Browning, Caruth, Chatin, 
Deem, Edgell, D. Facemire, K. Facemyer, Foster, Green, Guills, Fiall, Fielmick, Jenkins, 
Kessler, Laird, McCabe, Minard, Oliverio, Palumbo, Plymale, Prezioso, Snyder, 
Stollings, Sypolt, Wells, Williams, Yost and Fanning) 

Recognizing the importance of the coal mining industry in West Virginia and requesting 
West Virginia's congressional delegation to support the coal industry. 

Whereas, The Legislature works tirelessly to improve the quality of life for the citizens of 
the Mountain State; and 

Whereas, Coal mining has been, and continues to be, one of the primary industries 
responsible for the economic success of West Virginia and its citizens; and 
Whereas, Before the national economic downturn, severance tax collections from coal 
were at record levels, contributing to a budget surplus at the state and county levels; and 
Whereas, All 55 counties continue to receive a local share of coal severance dollars to 
support county, local and municipal budgets; and 

Whereas, County governments and county school systems throughout the state rely on 
the taxes from coal companies and coal miners to fund many valuable programs, 
including public education, ambulance services and law enforcement; and 
Whereas, Thousands of West Virginians are employed, either directly or indirectly, by 
the coal mining industry which generates payrolls totaling over $2 billion; and 
Whereas, The loss of any of West Virginia's coal mines and the loss of any mining- 
related employment ultimately results in significant harm to all West Virginians; and 
Whereas, Surface coal mining, including the practice of mountaintop removal, currently 
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represents forty-two percent of the total coal production In West Virginia; and 
Whereas, Engrossed Senate Bill No. 375 provides for master land use plans to be 
developed in all counties where surface mining takes place, with greater focus provided 
by the Coalfield Economic Development Office on renewable and alternative fuel 
sources, highways and residential areas; and 

Whereas, Actions and inactions by federal regulatory agencies which have had the effect 
of closing surface coal mines are more frequent and result in the loss of hundreds of 
mining and other jobs in West Virginia; therefore, be it 
Resolved by the Senate: 

That the Senate hereby recognizes the importance of the coal mining industry in West 
Virginia and requests West Virginia's congressional delegation to support the coal 
industry; and, be it 

Further Resolved, That the Senate supports the continued mining of coal in West 
Virginia, including surface mining by all methods recognized by state and federal law, 
and is prepared to cooperate with all federal agencies in an effort to resolve quickly any 
outstanding issues which are preventing the mining of coal and which are contributing to 
the loss of jobs in West Virginia; and, be it 

Further Resolved, That the Senate requests West Virginia's congressional delegation to 
make every effort possible to assist in securing the needed cooperation from federal 
agencies to allow the continuation of the mining of coal and to protect the jobs of coal 
miners and others who derive their employment from the coal industry; and, be it 
Further Resolved, That the Clerk is hereby directed to forward a copy of this resolution to 
the West Virginia Coal Association and West Virginia's congressional delegation. 
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Resolution regarding Permit SMA#S-3002-07 and NPDES#WV1022202 

Whereas tourism is the, fastest growing indiwtry in Fayette County and the economic 
engine of our County; and 

Whereas the Midland Trail Scenic Highway, Hawks Nest State Park, the Gauley River 
National Recreation and the New River Gorge Bridge are central to that tourism; and 

Whereas the mining described in the above-referenced permits would be visible from or 
impact these essential tourism areas; and 

Whereas our rivers and wetlands are home to an abundance of wildlife, including trout 
and rare Peregrine Falcons, which would be negatively impacted by this mining; and 

Whereas the federally endangered Lampacilus abrupta — Pink Mucket Pearly mussel — 
lives in the Kanawha River in Fayette County and is especially susceptible to changes 
caused by mining and acid mine drainage; and 

Whereas the permit area's geology has very high levels of potentially deadly selenium 
and silica which would be released to the air and water if mining activities take place; and 

Whereas citizens in Ansted have grave concerns over the process DEP following in 
granting the NPDES permit; and 

NOW Be it Therefore RESOLVED that; 

We, the Commissioners of Fayette County, do hereby go on record in opposition to 
Permits SMA#S-3002-07 and NPDES#WV 1022202 and strongly urge the Appeal Board 
of the WV Department of Environmental Protection to rescind same. 


Resolved this 12''' day of February, 2008. 



Kenneth L. Eskew, President 
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General Social and Economic Characteristics, 
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WEST VIRGINIA 
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60-94 West Viiginia 


Table 36.— SUMMARY OF ECONOMIC CHARACreHISTlCS. BY COUNTIES: I960 

)Bee text for souies of dtU. Peroenl not Aown wtien Icm bbui OlI; parml. modion, utd tslio oot ahown wbars bue ■ lea tf.*" 30C] 
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Table 43. Summary of Social Characteristics by Gowttim: I^TO-Contihu^ 


IDoia bated on nmfile. cn Mxt. for mMmum b«e lir (pereant. inodion, HCJona.flitonlng ol trirbcls, see Iaxl3 



Table 44. Summary of Economic Characteristics by Counties: 1970 


IDote based on tainple, see text. For atiniiniHi bou (or derived (jputet (peraent, iredian, tlc.> ond meonieg o< symbcls, see text] 
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WEST VIRGINIA 
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Issued August 1983 



U,S. Department of Commerce 

Malcolm Baldrige, Secretary 
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GENERAL SOCIAL AND ECONOMIC. CHARAQERISTICS 


WRT VIRGINIA 50-277 
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Table 176. lobor Force Charoctoriitics for Counllot: 1980— Con. 



50-278 WEST VIRGINIA 


GENERAL SOQAL AND ECONOMIC CHARACTERISTICS 
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Table 176. Labor Fok* Choractoristlcs for Counties: 1980-Can. 


[[m «r« uHmsios botod on o sunplo; s«e IntroOucHon. far moounf af symbols, sot introduttloA. For defInItlorM of tormi. sot appondlxei A and 8] 



50-280 WIST VIRGINIA 


GENERAL SOOAL AND ECONOMIC CHARACTERISTICS 
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Bureau of Labor Statistics Data 


http://data.bls.gov/cgi-bin/dsrv 


w<niw.bls.gov Search! AllBtSgov for: 


J 2 5 Y EA RS 

^ Bureau of Labor Statistics 


Home Subject Areas Databases & Tables Publications 


Economic Releases 


Newsroom | Tutorials | Release Calendar ^ 


Databases, Tables & Calculators by Subject 


Data extracted on: June 17, 2009 (05:05 PM) 
Local Area Unemployment Statistics 


Series Catalog: 

Series ID : LAUCN54005003 


State/Region/Division ; West Virginia 
Area Type : Counties and equivalents 
Area Name ; Boone County, WV 
Measure : unemployment rate 
Not Seasonally Adjusted 


Year 3an ' Feb j Mar 
,1990 9.5 ilO.b’ aQ.5 
■19919.4 

11992:14.9 tl5,0 il4.9 
1993 14.5 !i 8.2 '16.9 
'1994 17.6 J16.8 IS^S' 
1995 ii.o lip, 7 ;id.2 
t996 9!6" .|ip,4_ ’9.4'. 
1997’lb.7 ''ld,2’ ;9!5' ' 
,1998,9.l' ’’9.3 ;9.'2' 

'199'r 9;2 '!'9’s7'':9i'2’.!^ 

'2000 8.2_ i7.7„.j8.0 

2001 6.4 

2002 6.6 

2003 7.1 

2004 5.6(e)i5.5(e);5.4(e^: 

' 200s [4, 9(e) I s ,6(e);'5.'3'(e)| 
i2006i3.8fe)!4,8(e)i4,7(e); 
2t,0/- - •■1 - 

2008i4,3('e)j4.'6(e^ 

120d9'3,9 ,j,5._l [S.S 

e : Refletts revised inputs, 
p : Preiiminarv. 


Jul i Aug . Sep : Oct . Nov Dec Ann 


je'g 


jS.2 _9.6 

4T4 J14.5 ’i4,V jlS.O !i 4.9 ll4_.0 a6.9 iU.O ;13.5__'13.X ■ 

12.8 'l3.4 .14,6 |15,4_!l6.3 ;i6'.9 ]i9.V 'l6'9 |l5.4 R’5.S_ : 

16,6 il7.5 'l9,p !l8.9’il9.7_’ ,17.9 jJ8.'7jl7.8 j_l6.3 17.7” 

,14,5 ;15.1 _ i5.8J_13.2 jl2.8j^ll.l J^n.f 13.7 

'ip!8” ;U.5’ 9.4””’; 10.0 ;io.5 

8.8 10,0 lO.i 9.8 T9.5 ,8.7 ;9.S Jip.3 ;9.6 J9.6 


■9.2 :9.2 9.3 i8.2 


:7.9 '7.2 7.1 i7.9 


j.2.8 jll,4' 

,9,9 ’'aO. 7 10.8 lld.4 'i'2.8 -12.0 

7,1 ~']7.2 ' ’ •]e; g •: g;o :s.8 J5.6_js.2 i6.8_ 

■s', 4 :4J*"’^s'6”TSiOZj?:®Tll-f J-5"'”'5,2, -Si" 

8.3 ;9.2 .9.6 16.6 


6.0 

A9(e), 5.4(e), 
4.8{e);4.S{e'): 
“ t|. 

4.0(e)|4.0(e)| 

,8,6(p)i ; 

reekimatlon. 


12.1 10.7 9.3 


:6.3 6.5 7.2 


;io.o 
■ 1 10.6' ! 


7.6 


7,6 !$.? ;6.9 ‘5.5 :5.6 5.0 5.1 6.2 


5.8(e)|4’7(e );4.9 (e);^(e)j 

'5.o'(e)l4.«e)’i4.3(e)'4ro(e)i 

5!6i;e)!4.9(e):5.2(e)^3.8(e); 

;4.8(6)|4.^8V4^'(e);4.2(e)' 

4(e)|3.5(e)|4.0(e)':3.3(e); 

and new statewide controls. 


i4.4(e)i4.2(e), 
3.7(e)3.6(e) 
:3.8(e) 3.9(e) 
4.3(e), 4.0(e) 
3.3(«)i3.0(e); 


4.2(e)4.9(e) 
3.2(e) 4.5(e) 
‘3.3(e).4.4{e)' 
3.8(4) 4,5{e)j 

i2.8(e);i8(e)i 


Series Catalog: 

Series ID ; LAUCN54005004 


State/Reglon/Divislon : West Virginia 
Area Type ; Counties and epulvalents 
Area Name : Boone County, WV 
Measure ; unemployment 
Not Seasonally Adjusted 


Data: 


lYear 

3an 

' Feb 

Mar 

Apr 

1 May 

; Jun 

3ul 

! Aug 1 Sep 

Oct 

' Nov 

Dec 

: Ann 

11990 

777 

1820 

:SS6 

'869 

915 

‘889 

;798 

1858 

1756 

708 

737 

674 

i805 

!i991 

788 

1620 

,861 

'981 

'1282 

1343 

1180 

!1349 

1242 

1542 

;i232 

1170 

!tl49 

il992 

1342 

‘1363 

‘1346 

:1171 

‘1253 

;i419 

il4e5 

11531 

11553 

11750 

11535 

il370 

11425 

1993 

1280 

11670 

1460 

1419 

1522 

‘1606 

■1644 

il757 

'1522 

1S5S 

;14S9 

.1305 

11517 

11994 

1434 

1380 

,1267 

1197 

1294 

7380 

,1136 

jioee 

910 

930 

1927 

760 

jll40 
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Bureau of Labor Statistics Data http://daia.bls.gov/cgi-biiVdsrv 


;1993 8814 9169 >8624 8544 8713 :8452 _]8713 8902 _ i8M7 J8320 >81 99 <8015 '8581 , 

I199418I55 8207 ;8165 8244 8590 >8755 ^ 857 9 -8360 8177 '8341 :8344 J143 18338 J 

'1995:8263 8303 18312 8494 _,8643 18607 18656 :8631 IM1_5 i8346 [8295 _ ,'8210 '8431 ! 

1996!8294 8445 >8334 '8481 8650 *866q_ 1 8479 ;S49 1 {843 4 :W20 ;8184 '8202 8415 ■ 

:1997;B148 .8198 18413 8397 8425 :8526 >8504 8474_ *8238 :8165 ]8337 jsOM .8324 

1998:8053 8132 !8151 8048 8276 8511 _ <8688 , *8509 18290 18098 18202 1795^ ,8242 

il9997976 ,7931 7819 7941 8107_:B31S ‘8344 '8395 jSSSl >8083 1^22 :7846 8109 | 

r2000 9819 >9806 19805 9848 '9712 i9983 j9933 i9876_ 19 735 ;9724 1972 5 '9724 9808 

12001 9715 9633 19614 9559 9541 :9735 9^6 959 5 95 46 19530 9551 19492 9611 

|20029481 -9556 >9634 9803 >9834 10115 I10184_j_9823 19690 19659 19672 19550 9751 _ 

>2003:9341 9336 19312 9390 9419 9727 1973 9 9 610 9385 |9382 '9349 |9313 9442 ~j 

i2004:9204(e) 9245(e)l9244(e):93Q2(e):9394(e) 9601{e)i9549<e)i9436{e)i9282(e)!9324(e); 928 4(e)'9250{e):9343(eV 

12005 9188(6) 9286{e)i9277(e) 9336(e):9378{€) 9599(e)!9629<eJ(9479te):9393(e)i93M(e)i9^(e)i9277(e) 9377(e) 

12006 9133(e):9234(e):9270(e), 9397(e) 9510(e):9808(e>i9754<e)l9686(e)i9500(e)i 94S8 (e )i9473 (e) !9415 (e)i9473(e)> 

|2007 9238(e) 9326(e)i9347(e);9428(e):9499(e):97lS(e)|9744(e) 9617(e):?514(e)i9499(e)i9425(e)j9355(e) 9475(e); 
;2008 9350(e) 9309(e)i9312(e) 9461(e) 9441(e):9673(e)l96S8(e) 9523{ e):9381(e):93 38(e)!92 21(e)!9111{e):9398(e)< 
12009 9032 8986 18941 9321(p) .i ..I 

e ; Reflects revised inputs, reestimatlon, and new statewide controls. 

p : Preliminary. 


Quick Links 

Tools Calculators Help into 

o Ala Glance Tables o Inflation Calculator a Help ft Tutorials a What's New 

0 Economic News Releases Q Location Quotient O A to 2 Index O Careers €)SL5 

□ Databases ft Tables □ Irvjury And Illr«ss a FAQs □ Find Itl OOL 

0 Maps 0 Glossary O Join our Mailing Lists 

o About BIS a Privacy ft Security 

o Contact Us o Unking ft Copyright Information 

.y Vt Bodi to Top Freedom oflnlorinetkin Act | Cuttomei Survo* | Oo «im have* tedinical Web ele oueetion? bb.oov 

U.S. BureoM of Labor Statbllcs 2 M3$uchusells Avenue. Ml WaslWeton, OC 20212-9001 
uAvw.bb.oev I Tebpheoe; |202) $9i-$200 I Co you have a ceia auettton} 
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Databases, Tables & Calculators by Subject 

Data extracted on: June 17, 2009 (05:07 PM) 

Local Area Unemployment Statistics 


Series Catalog: 

Series ID : LAUPAS4065003 

Stace/Region/Divisiort : West Virginia 
Area Type : Counties and equivalents 
Area Name : Fayette County, WV 
Measure : unemployment rate 
Not Seasonally Adjusted 


Data: 


Year 

Jan 

! Feb 

Mar 

Apr 

I May 

Jun 

> ' Jul 

Aug 

Sep 

1 Oct 

Nov 

Dec 

' Ann 

1990 

12.3 

41.6 

11.4 

11.3 

19.8 

10,9 

;9.8 

40.5 

.11.1 

42.0 

13.0 

43.2 

11.4 

>1991 

14.7 

;i5.i 

:14.0 

.12,0 

■13.1 

43,0 

41.6 

43.7 

il3.2 

■12.8 

1S.4 

44.7 

13.6 : 

1992 

18.8 

116.8 

,16.2 

.14.1 

14.0 

14.0 

446 

[l4,0 

12.4 

42.5 

15.1 

44.7 

14.6 ; 

4993 

16.2 

!i7.1 

,15.6 

|14.6 

,13.8 

43,5 

43,4 

ill. 9 

11.6 

1II.9 

13.4 

!i4.1 

43.9 ' 

1994 

17.3 

45.3 

45.9 

13.5 

42.1 

41,7 

40,9 

41,0 

:9.5 

(9.8 

11.5 

[11.2 

.12.5 

1995 

13.3 

,14.7 

13.7 

10.4 

9.1 

ilO.O 

19.3 

19.3 

8.3 

18.3 

41.9 

ill.S 

10.7 

>1996 

13.3 

'l2.3 

!ll.3 


8.3 

■8.1 

;7.5 

b.a 

'7.3 

;7.7 

11.2 

40.8 

9.5 

4997 

13.2 

il2.6 

11.0 

.8.9 

7.9 

.8.1 

i7.0' 


l«-3. 

16.8 

10-1 

110.8 

9.1 

4998 

12.2 

112.2 


,8.4 

7.4 

7.8 

'7.3 

17.7 


;7.9 

10.5 

19.5 

•9.1 

:]999 

11.3 

jlib 

'll.O 

!io.7 

9.7 

;9.0 

!9.1 

(9.1 


.[« ■ 

10.7 

19.6 

9.8 

12000 

9.6 

>9.6 

:8.8 

7.2 

j^6.6 

16.6 


I5.3 

!5.6 

.6.9 

.6.9 

:7.i ' 

2001 

8,7 

18.5 

7,8 

6.6 

5.4 

15.7 

15.3 ;5.6 

15.0 

is.o 

6.4 

6.6 

6.4 

2002 

8.4 

18.5 

|7,9 

7,5 

7.2 

;7,8 

16.8 

16.6 

'5.6 

15.9 

.7.7 

:7.9 

7.3 1 


2003 9.5 9.7 >8.8 ;7.6 ift.e i7.3 ^6.6 'S.A i_5.8 ;&_.9 ':6.9 7.3 ; 

.2ob4[7\9(e)i7.Sl(e)\7.3_(e)]6.,4(e)j5.8(e^67ole)f5i2(e^^^ 

;200S,7.0(e);7',8(e)j7,0(ey|5.9(e}|5ib('ep''!4(^^^^^^ 

aop6!6.'2(e)!6;8(e)'64(e)]5j4]'ejj5.1Je)X5:4(e^4’^ 

2007 6.4(e)i7.i(e)|6.b(e5T5'.3(ejl4.8(e)^^^^^ 4!6(e)f4i.b(e)]4T2(e) 5.1(e);5.3('e)'5.i{e)^ 

,2008;5.7(e)i6.'l(e)js.5(e)l4.6(ej]4'l3(e£4.5(e)j3.8(e)4,^ 

,2009 6.5 \7 J ;8.i |8.2(p)j !_ [ | [ ^ ^ J i ' 

e : Reflet revised inputs, reestimatibn, end riew statewide controls, 
p : Preliminary. 

Series Catalog: 

Series ID : LAUPA540650C4 

State/Region/DIviston : west Virginia 
Area Type : Counties and equivalents 
Area Name ; Fayette County, wv 
Measure : unemployment 
Not Seasonally Adjusted 

Data: 

Year Jan \ Peb 1 Mar Apr ' May Jun ^ Jul : Auo Sep Oct j Nev Dec : Ann , 

:1990 1972 '1814 :i795__ 4916 1677"_’j^S73 4706 4793 1905_, 2062 rilSl j 

11991 2406 2490 >2326 2028 2255 >2263 ;2057 4397 j2J07_ ]2233 ;26p '2466 iVs^O / 

>1992 3191 2758 2708 2400 2464 ‘2482 (2449 2452 2169 :2201 ‘2552 12452 2523 

'l993 2662 2833 2609 2507 '2462 _;2448 !2474 j 2180 ,2081 |2157 4343 i2433 4432 

11994 2963 2659 2694 2372 2202 12167 JlZOiq 2009 1737 1797 .1995 ;1892 :2208 I 
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1993 leizs 

11994 17092 

11995 L680B 
'1996 17054 
il997 r/537 
;1998 17263 
il999 17136 
izOOO 18072 
'2001 18071 

12002 17579 

12003 17407 


.16600 

16807 

■17150 

17245 

'17409 

17287 

'17234 

.18051 

,17938 

_17676 

17500 


!16686 17178 

116989 17614 

il7417 '17683 


17226 

17470 

17391 

16928 

17936 

17946 

17783 

17423 


17857 

17811 

47675 

17679 

48343 

18219 

48234 

17694 


| 181 «. 
118515 
[l87S4 
49036 
48913 
;18304_ 
|l8276 
] 19232 


48530 
;i8415 
48714_ 
49207 
49079 
1 18832 
48242 
49156 


12004 1722S(e) 17273(e) 
:2005 17117(e). 17218(e) 
;2006 17237(e) 17323(e). 
[2007 17560(e) 1774l{e}i 
:2008 173l9(e)'l7449{e) 
.2009 17139 17234 

e ; Reflects revised inputs, 
p ; Preliminary. 


17248(e)47S93(e); 
17236(e}il7649(e). 
17296(e)47732(e) 
17710(e)48016(e): 
17480(e}47906(e); 
17168 47352(p) 

reestimatlon, and n 


17785 
18202 
18073 
18598 
18390 
18459 
18020 
18918 

• 18419 _ (18781 48832 

48501 __>i9064 'igias J 
48030 48555 jl8609 I 

17922(&)ll8455(e)jl8437(e)! 
17946(6)484 09(e);i8S53(;e)| 
181 55(6)48 838(6 )49032(6)1 
18206(6)48781(6) 18959(e)j 
18187(e};ie555(e} 18578(6); 

ew statewide controls. 


18286_ 

18187__ 

1B552 

19046 

1BB» 

18539 

17955 


18212_ 

18102(6): 

18454(e) 

18 817(6 ) 

18727(6)! 

.18408(6): 


ie0n_ _|.18p95 
18273_ Jl8_252 
48490 48260 

19107 48835 

18723_ 4856J _ | 

48796 48667 ; 

48042 _ 47869 ! 

19027 18630 ! 

18504 48352 

19005 ll8635 ' 

48183_ 48073 ) 

48035^e}j^l8161(e)i 
18425(e)482e4(6}i 
487M(6)il8522(e)] 
I87l5(e)|l8369(e); 
18365{6);18213(6>' 


17490 

17358 

17558 

17852 

17546 

17687 

16964 

17942 

17909 

18036 

47538 

17481(e)! 

17S44(e)i 

17960(e)' 

17787(6)1 

17737(e)' 


17243 

16819 

17218 

17481 

17266 

17285 

16706 

17792 ! 

17717 

17847 

17405 

17338(e)i 

17640(e)i 

17813(e): 

17545(e)' 

17536(e) 


17538 
17710 j 
17890 
18212 ; 
18128 i 
18016 
17587 ; 

18501 
18270 j 
18366 
17886 
17772(e)i 
17898(e)i 
18124(e); 
18178(e)! 
17978(e)i 


Quick Links 


Toots 

Calculators 

Help 

Info 

o At a Glance Tables 

o Inflation Calculator 

o Help & Tutorials 

o What's New 

0 Economic News Releases 

0 Location Quotient 

O A to Z Index 

o Careers €> BLS 

o Databases St Tables 

0 Injury And Illness 

O FAQs 

o Find iti DOL 

0 Maps 

o Glossary 

o loin our Mailing Lists 



o About &LS 

o Privacy & Security 



a Contact Us 

o Unking 6 Copyright Information 


U.S. BtirMu ol Labor StatHtls 2 MMsachusctS Avenue, NC Washnelon. PC 20212-0001 
iNVo«.bl*.«v I Telephone: <202> 69]-$200 I Oo vou have a Oata auastlon? 
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www.bls.oov Search! uiBlSgov for: 

t 2 5 Y E A R S Newsroom | Tutorials | Release Calendar ^ 

^ Bureau of Labor Statistics 

Home Subject Areas Databases it Tables Publications Economic Releases a - z in<i« | About ais 


Databases, Tables & Calculators by Subject 


Data extracted on: June 17, 2009 (05:08 PM) 
Loc al Area Unemptoyment Statistic s 


Series Catalog: 

Series ID : LAUCN54043003 


State/Reglor/Division ; West Virginia 
Area Type : Counties and equivalents 
Area Name : Lincoln County, WV 
Measure : unemployment rate 
Not Seasonally Adjusted 


Data: 

Year Jan Feb Mar Apr 
1990 15.7 :15.0 13.5 ^3.3 
1991:16.7 :18,1 16,8 17,0 

■ 1992 19.3 119,1 17.9 1S.7 
■1993,17.0 117,1 16,8 ;15.S 

.1994_17.7 il5.9 15 .9 I IT z 
•1995:13.7 ,14.0 12.8 43,1 
1996 17.1 il5.7_ 14.4 '12,3 
■1997 13.5 |l4,o'il2.7 ilO.3 
'1998 13.6 '13,2 13.1 ilO.4 
•1999 13.2 112.7 12.6 !ll.6 

aOOO'S.l i9.0 .8.3 _;7,2 

aoors'? ;8.S fl'.o" ,.':7.'2”~ :6.p__ i6.9 _ [6.3 

200 a; 9.1 l9.3 9.7 ;9,1 '8,1 18.7 ;_|7_.9 : 8.0 :6;7 J7.6 

'2003 9.2 19.8 V .9 ' i'.4 ,'^i 9 ; 5 _ '{V.a, J?.! ' Is.O 15.7 ,, \ 6.0 

•2004 7i3(e)j7,6Ce)7i2(e)[6',4(e) '5"9(e)16'.6(e):5.9(e)i6.2(e)!4.’8(e)l5.3(e)!s.3(e)i5.6{e)6.2(e)l 
i2005'7.1(e)i'7.9(e) 7.'3(e)j6,3(e)''.S.a(e)i6^^^^^^^ 

: 2006 ' "'• . i_ j. ■.!. -. .. . 

2007 


\ May i Jun ; Jul __Aug ! Sep Oct J N ov | Dec Ann 
jl4,p ;i4.7 |'l3.s _,16.,P jl4^8 il4.S^ ;i2.7 'l4.6 ;.14.4 

16.8 :16.’9 'l5'.i':j6.4 44.6 Jl6.2 ;16.0 ,16 .S ; 16.4 

14.7 ,il6.4, :i4.l ,15.7 jl4.0 ;^.2 :1S.9 16.5 Jie.a' ‘ 

14.8 |l6.3 ;15.6 Jl5.0_ jl2.3 42.4 ;12.7 J12.7 '_14.9_ 

12.9' Ti 4.0 :12.7~' 13. 3 :i2.2 'li.S 'l3.7 :12-'6 jl3.0 

;11.0’ ill.C:!.!'?!?!-? ;?:1 1.1P',V iip.3 10.6 "42.1 _ 
40 ', 2 ,,|i 2T _ jlO.7 ^ "'-'ib.i ;9'.5 '9.8 41.0 

|13.0 10.7 41.0 9.0 40.3 I1O.3 9^8 [ll.2 ; 


id.9 ill.7 41.3 42.1 _ 40.1 , 


.j5'7 


.10.1 ;9.7 41.3 


6.4 ‘6.9 


'‘6;3(e)'67C«)j6]'2(e)j5,5(e) T5.6(e)|6.6(e)i5^("eji6^(e)j5.i(^ 

'5;9(e}j7.T(e)':64(e)V5,S(e)''l4,9(e)!5.5(e)!5r3(e)i.3(T)T4ir2(^^ 

;2008,5.i(e)!5!,9'(e);5.3(e)j4,8{e) 'i4,7(«)|s.0(e):4i(e)l4.5(ej;^^ 

12009., 6.8_ |S.’9 .9.5 |10.3(pL | ' l ] 

e : Re^ecte revised Inputs, reestimation, and new statewide controls, 
p ; Pretlmlnary. 


Series Catalog; 

Series 10 : LAUCN5404aoC4 


State/Reglon/Divislon ; West Virginia 
Area Type : Counties and equivalents 
Area Name : Lincoln County, WV 
Measure : unemployment 
Not Seasonally Adjusted 


Data: 


Year Jan 

j_Feb 

‘ Mar 

At^ 

[ May 

Jun 

[ Jul 

Aug 

1 Sep 

Oct 

Nov 

Dec 

'■ Ann 

t990ill06 

1044 

:961 

'921 

^983 

4036 

*99 1_ 

’^1120 

^998 

1004 

846 


4000 

1991:1139 

1283 

4187 

4202 

lll76 

1199 

mil 

1129 

■ 1006 

1148 

1121 

'jU.62_ 

4155 

1992 1400 

1405 

4308 

1134 

4140 

1181 

:i057 

1108 

!977 

1089 

4132_ 

4181 

iV?/ 

19934198 

4218 

,1193 

1085 

4053 

1187 

4145 

1031 

:83S 

;871 

905 

.882 

lOOT J 

19944240 

■1117 

' 1 IO 6 

:914 

1868 

981 

1930 

921 

747 

772 

776 

•772 

’ 92 ? _ 
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:1993i7060 7137 !7109 ;6980 '7104 J7266 _ 7324 [6878_i6792_ i700p !7128 |6926 ^7058 ' 

;1994.7025 .7032 6937 !69S0 7569 17145 _ 7381 I7Q 84 =6998 _lM88 .7461 16900 ‘7123 

1995:6860 6899 6792 6382 6892 ;7007 7313 6930 i6794 _ '6912 7045 6985 6943 

:1996 7195 7174 i7046 j7047 ,7625 i7086 7255 _i6999 j69l)2 708 8 17 062 .6966 7121 ] 

51997:7051 .7075 16962 6838 6884 17018 ‘7259 ^6917 i6951 :6953 56916 56775 -6966 

'1998 7047 7031 ‘7040 6929 ,7384 ,7142 ;71 64 7023 i691 5 : 6 839 i6776 i6747 _ 7004 ■ 

51999 6941 6969 '6999 ;7013 6993_:7126 :7393 17160 17060 16994 56985 leoSS 7049 ■ 

20008173 ‘8196 8111 8127 8053 I829S 8275 8178 5805 4 :8 011 80 54 ’8083 0134 

52001 8237 8200 58136 8052 7980 8160 582 28 :80^6 _ 57945 57967 57975 7952 8075 ! 

52002 8049 8112 ,8123 :8177 8034 8271 8353 J8174 !8059 _J8000__^M32_ :8p04_ 8116 i 

5200 3 7895 7996 7896 7965 57881_ ISliS „!80^ 796J^_ 7788 <7757 __,78i0 ;7735_ 7907 • 

52004 7774(e) 7851(e)(7820(e) 7841(e), 7832(e) 8030(e).8023(e)i7935(e)i7:^4(el57809(e);7792(e):7788<e) 7856(e)- 
2005:7779(e):7874(e):783S(e):7854(e):7863{e) 8098(e)i8096{e)58010(e)57864(e)i7877(e)i7839(e)V828{e);7902(e)5 
200617809(e), 7845(e) 7845(e)'7913(e) 799a(e)iB260 Ce)!8 208<e) :81 6 1(e) i 8 0 1S(e );79 86(e)j7 966(e)i7948(e) 7997(e)l 
2007 7921(e) 8028(e)i7990(e) 7998(6) 8D39{e)'824C(e)58263(e);8132(e)i8004(e)i7976{e) 7930(^’7895(e) 8035(e)i 
i2008i7934(e):7938(e)i7920(e) a027(e) 8011(e):8187(e>-8194<e) 8p64(e)^925ie)i7905(e):7837(e)i7805{e) 7979(e): 
.200957836 '7878 7865 7991(p)' 5 _ i j : _ 5 

e : Reflects revised Inputs, reestimstion, and new statewide controls, 
p ; Preliminary. 


Quick Links 

Tools Calculators Help Into 

o At a Glance Tables Q Inflation Calculator a Help ft Tutorials 0 What's New 

o Economic News Releases I 0 Location Quotient a A to Z Index o Careers @8L5 

0 Databases ft Tables o Injury And Illness o faqs a Find Itl dol 

0 Maps o Glossary o Join our Mailing Lists 

G About 8LS o Privacy & Security 

o Contact Us o Unking ft Copyright Information 

1 BadiloToo rraadamof Inforirtalisn Act | CuctMnar Sur»«* | OovMilaiMi * teOwlol Web »Kb oueetbn? bb.aov 

U-9. Bureau of Labor Statblla 2 MassaciHselU Avenue, Mt Washriglon. DC 20212-0001 
wwrw.bla.oav ! Titeer*ne: (202) S91-S200 I Do you have a Data auaetlon? 
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www.bls.gov search! Ml BLS-sov for: 


i25YEARS 

Bureau of Labor Statistics 


Newsroom { Tutorials | Release Calendar 


Home Subject Areas Databases & Tables Publications Economic Releases 


Databases, Tables & Calculators by Subject 

: FONT SIZE: Q® 

Data extracted on: June 17, 2009 (05:08 PM) - 

Local Area UnemDiovment Statistics 



Series Catalog: 

Series ID : LAUPA54070003 


State/Region/Division : West Virginia 
Area Type ; Counties and egulvalents 
Area Name : Logan County, WV 
Measure : unemployment rate 
Not Seasonally Adjusted 


'Year Jan 

! Feb 

1 Mar 

Apr 

I Mav 

Jun 

: Jui ! AUfl 

Sep 

Ort 

Nav 

Dev 

Ann 

1990 11,7 

41,9 

40.9 

11.2 

43,5 

11.9 

U:.3 42.1 ; 

11.7 

11.4 

.10.8 

i9.9 

ll.S • 

:1991 10.3 

40.7 

40.7 

41.8 

44,4 

44,3 

|14.2 114.2 : 

.13.1 

.13.7 

42.5 

(11.8 

'12.7 

1992 13 5 

43.4 

112-5 

12.3 

42.9 

13.4 

43.8 !15.8 : 

15.0 


15.3 

43.1 

13.0 

199343.5 

44,2 

Il3.7 

46,0 

46,6 

17.0 

46,0 jl6.5 ' 

14.4 

'I6.4 

45.5 

44.8 

45.4 ] 

199445,3 

44.6 

43,6 

43,0 

43.4 

44,9 

113.8’ 44.1 ! 

42.9 

il2.1 

41.6 

40.4 

■43:31 

1995 11.1 

11.5 

41.2 

42,0 

'l2.B 

43,7 

'13.0 43.5 

12.7 

42.3 

11.4 

10.7 

42.2 ; 

1996 11.1 

'10.7 

110.5 

10,7 

41,2 

12.4 

41.9 41.6 ■ 

10.7 

110.1 

9.8 

'9.0 

40.8 

1997 9.4 

i9.1 

rg.4 

8.8 

19.6 

9.8 

19.7 |l0.7 : 

9.3 

)9.6 

;8.6 

>8.3 

19.3 I 

1998 9.0 

19.1 

]9,5 

|9.2 

40,2 

42,8 

lil.7 il2.4 ' 

11.6 

42.3 

11.2 

19.3 

40.7 : 

1999 10.4 

!ll.l 

il0,4 

•12.1 

'11,9 

12.0 

(11.5 43.2 

12.5 

42.8 

41.7 

’9.9 

41.6 ‘ 

2000 8.7 

.8.6 

!8.3 

7.6 

.i7:6 ..., 

:7.8 

17.2 i7.9 , 

6.9 

■6.5 

6.4 

6.1 

'7.5 . 

2001 7,3 

j6,7 

j6-5 , 

6.3 

Is.s 

|6.3 


I5.I 

<4.8 

15.2 

15.2 

;5.8 ; 

2002'6.5 

.1.6:7 

17.8 

18.3 

.V? 

8.8 

:7.9 j7.7 ! 

!6.7 

:6.9 

‘7.3 

>7.0 

]7.4 ' 

2003.8.2 

18,2 

'7.9 

;7.7 


18.3 

'7,3 I7.9 ! 

16.7 

16.5 

'6.5 

>5.8 

'7.4 

•2004 6.6(e)i6,5(e)j6j4{e)i_5.9(eJ 




:4.2(e);4.5{e):4.7{e)i4.7(e)(5.S(e) 


^2005i5.2(e)i5.8(:e)j5,6{e) S,i(e)|4i(e)|5’5(e)!4!8(e>!4.7(c)|4.3(e)|4.i{e);3.9(e)i3.4(<)!4.7(e^ 
2006 4.l(aji4,8ie)j4,5(el4.8(e)|4.6{ejl5;2ie)i4.8(e^5.2(e>^2(e)i4.2(e)|4.0{e)i4.0(ey;4.5(«)i 
.2OO7'4,7(e)r5;4{e)|54'(e)iSi0(e)477|e)i57i{:e)[5,l(e 

>008'4.7(e)j5.0(e)j4.7(e) 4.2(e);4.t(e)i4.^e>| 3. 9(e)j4.’6(e)i3.5(e )j3.4 ( e yi3.4(e)'j3.3(e)i4-r(e>- 


5.5 SA 


2009 4.1 

e ; Reflects revised inputs, reestimation, and new statewide omtrois. 
p : Prellmlnarv. 


Series Catalog: 

Series ID : LAUPAS4070004 


State/Reglon/DIvislon : West Virginia 
Area Type ; Counties and equivalents 
Area Name : Logan County, WV 
Measure ; unemployment 
Not Seasonally Adjusted 

Data: 

Year 3an 
11990:1612 
;199H459 
'1992 1955 

1993 1965 

1994 2245 2140 ;1955 1914 1998 2260 ^^2056 2080 1868 iI737 |1667 ^1464 1949 


-JIl'fL L *PL_ 

1622 1516 ;1584 ^ 

1508 4499 4697 


Jun lul Aug j Sep ; _pct Dec ' Ann 

1958 1742 4670 1751 ^695 :i658 454S 1408 ,16 47 

2107 i21l7 '2149 2065 11910 12004 ,1805 1698 183S 


1916 4777 4771 
'2076 4996 .2394 


4885 i2013 ,2135 2374 2234 I216S ,2291 ^1927 2037 I 
2517 2645 2477 TZ'WS 2145 12481 ;2312 12209 2M9 i 
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•1993 14558 14652 '14587 14937 15118 ;15533._ J_15481 _ J15113^ '14873 ;15131 [l4953 14941 14990 

•1994 14658 14663 14387 14695 <14930 llS20_8 jl4952 _14761_ 11^81 -14341 Jl4374 14061 14626 _ 

,1995il4273 14311 14128 14415 ;14591 :14889 _ Jl4912 14789 !l4646 ;i4403 _ |l4369 14162 14491 ‘ 

'1996il4091 .13913 .13796 _ 14085 ;14136 114451 |l4578. 14078 113963 Jl3872 !l3843 .13834 ;14053 ■ 

:1997il3SS4 '13634 il3723 13933 !14123 il41S6 [14288 [14244 !14024 _[14432 _i 14369 _ 14362 14070 ' 

•I998il4231 ,14226 |l4335 14371 114690 !l489p _ j 14674 _ ,;14^5 _ jMOW .,.:13837 _''13765 _ .13486 ^14240 

.1999'13269 13393 il3192 13441 .13566 il3S64 jl3602 J_13366 ;i3342 J13129 _[l3p57_ ’l2702 13302 ■ 

■2000il3744 ;13837 |l3766 _ll383e 13846 ! 13972 113 713 13642 il3559 il3620 [13636 .13582 :p730 

.2001113511 13507 '13550 13472 13257 .13552 !13535 '13394 113404 :1342B [13538 ,1 3401 il3462 

2002il327C 13310 :13269 _'13463 .13510 ! 13543 .. J13420 . [13143_ [13^078 ,12970_Jl298_2 Jl28€3 13235 ' 

:2003!12818 12933 12789 '.12950 ___12960 '13113 1.12971, _ ]12831_ _[12686 '12586 ^ 12569 '12621 '12819 

2004 12555(e) 12627(e);12556(«) 12671(e)'1272S(e};i3084(e> jl30 15(e)U2a87(e):i2805(e)il2739(e)il2731te): 12678(e) 12757(e)' 

2005 12573(e)'12707(e) 12712(e) 128tl(e) 12829{e)!l3043ie>fl3019(e)U298q(e):128M(eiil2836{e) 12725(e) I272q(e) l28l8{e)| 

,2006:12608(e);i2788(e>i 12809(6) 12886(6) 12970{e}:i32 16(e} jl3246(e}'13159(e);i3002(e)jl30Ql{e)^12967(e) 12889(e) 12962(e) 
2007 12793(6) 12792(e)'l2845(e) 12942(e>.12972(e}ll3220(e>jl3207(e)jl2997(e);i2900(e>:12849(e);i2807(e) 12653(e) 12914(e). 
:2008. 12698(e). 12662(e). 12728(6) 13040(e).13Q82(e}U33^2(e)jl3404(e)il3332(e)il3339(e)!l3304<e);i3205(e)' 13099(e) 13103(e}’ 
■2009 13077 13047 jl3043 13148(p). J L.' T. T 

e : ReOects revised Inputs, reestimetlon, and new statewide controls, 
p : Preliminary. 


Quick Links 

Tools Caieulators Help Info 

o At a Glance Tables o Inflation Caloilator a Help & Tutoiiats o wnat's New 

a Economic News Releases o Location Quotient a A to Z Index o Careers @BLS 

o Databases 6 Tables Q Injury And Illness o FAQs O Find It! DOL 

a Maps 0 Glossary o Join our Mailing Lists 

Q About BLS o Privacy & Security 

o Contact Us □ Linking &Copyrlgbt Information 

j/'') B^ditoToD FratdiMn of Informatbn A<t I Cudtom^ SimrAV I Do voo liavAft WAb &IIO Question? bb.Dov^'''i 

U.8. Bureau of tabor Stotbtks 2 Mau«chus<UsAvenoe,WW4»w)gtor>, DC 20112-0001 
www.bbpov I TetoMnw: (242)601-5200 I Ooyou have » Data queetbn? 
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125YEARS 

K Bureau of Labor Statistics 

Home Subject Areas Databases & Tables Publlcathins Economic Releasee 


Newsroom [ Tutortais | Release Ci 


Databases, Tables & Calculators by Subject 

Data extracted on: June 17, 2009 (05:09 PM) 

Local Area Unemp lo yment Statisti cs 

Series Catalog: 

Series ID : LAUPAS4035003 

State/Regton/Division : West Virginia 
Area Type : Counties and equivalents 
Area Name : McDowell County, WV 
Measure ; unemployment rate 
Not Seasonally Adjusted 

Data: 

Year Jan i Feb : Mar i Apr > May Jun Jul Aug i Sep Oct ; Nov Dec Ann \ 

jti-o '':i2,6 :i3.9,’' ;i4.s ,13.6 JiaJj 

il99l’l4.0 il5.6 jl5.6 :i8.7 il8.7 |2C.6 '18.5 ;2l.9 'IS.V ,17.0 il7.2 16.4 

;1992‘16.8 [15.8 ;14,4 ^4.8 Us.s'irs [l6.i " ,1?''4" ilS.?’ .15,8 U6.8_ ;t5.0 •16.p"l 

il993il4.6 il4.5 ' iipc :15._0[ jl5j_6[ '[k5.'0 ^ '13.9 .1^7'”u.3 ,[iV/4 j 

;i994:jlX4___^U2.4 iU-S' U3,0 il5.3 l l4.3 iie.A' ;'l4.7[~i3-5 Ul.8 : 11.7 .l3-7 j 

jl99ilLS !11.3_ ;12.0 ’~[12._8 :14.7 ;i3.^ ;13.1 !12.2 ;11.4_12.4 J 

:i996,u'[6[' :tL3['_':lL,5 '•U,5 '[12.0 "liA ’[14.4 45.1 jisTjU.e’J 12.3 ^lLl'[l2 .6 'j 

ii997 iq.5 , _'ip.6’_ !ip[6 _ iio'.i 110,1 :i2.i [n.V [i i.8 I 9.4 9.6 [i o.p 16.2 'io^ ~ i 

4998 'll.'? 'jll.4 ''''!lL9'"1'n.6'''[i l L2~'^^ [1 04 .10.2 41 .1 ' 4l.6~ 11.5 i 

4999"i2!4 42 " 1 [iil's [r^r"[jl4.i' ''jl5 .2 ~ U[ l 8 ’[iS.S jl3.3 "[iS. ? ] l4r2 41-7 ,13.8 ~; 

;2pq0 11, S ' [i ii " ; li i [' l l. I ' j io'is’ nT" 46 X 4 0.2 18.5 ' '8 . 7 jS-S ' ' 8.6 40-3 ■ 

^ [i8.9_ 8.4 'i8 .5 ;7.1 [s.S .7.p_ _ P-P,,.,.!?.! j 

;2002'8'.p[['j'8.'6[2[]'9,'l[[[ 'lO.? 'lO.'s'" 9'!'7"['[’; 

■ 200346.7 [ll.q ;i0.4 42-9 43.1 ill.S ,12.3 „.IL5_41.3 .l^-^ .! 

:2Q04 4 2.l'(e)|l2.2(e);il.6(e}iib.4(ej]9.6(e)|l0.5(e;)[9.5(e).9.6(g)!7.S(e)i7.7(e)[7.8(e)'7.7(ejl9.7(e)j 
'2005 8.3'(e) :9il(e) :8,'7(i!) is.l'j’ef {7^ [8'5t e)j8.7(e)]7.6(e) 7.1(c)i7.0(e) 6.6(e)ia.b(e)| 

'2006 6.5(e) [ j7!s(e)[[i7T7(er !7[2(ef '!7.2^^ 4.9’(e)|8/i('e)j6[9(eJ 6.6(e)j6.5(e;:5i(e)[7._2Je^ 

!’2CH)7;7^6(ai'i7.6(e) 'i7.4(e) i7,i(6) 16,4(ej|7.7(e£]7.9(e)'’7[4(€)’6!6(e);6.4^ 
i2008.6.'8(e)'|6.8(e) '^6,4(e) jS4'(e)[ |S.'8(e);6.4’(e)’['j6.p(e)[5i(e)ifq(e^^^ 

'2009'8.i ' 40.6 '"[9^9 ' i 

e : Reflects revised inputs, reestimatton, and new statewide controls, 
p : Preliminary. 

Series Catalog: 

Series ID : LAUPA54035004 

State/Reglon/Olvislon : west Virginia 
Area Type ; Counties and equivalents 
Area Name ; McDowell County, WV 
Measure ; unemployment 
Not Seasonally Adjusted 

Data: 

(Year: Janj Feb j. Mar _Aprj May ; Jun_[ JulT Au 9 Sep ‘ Oct ; Nov ' Dec ' Ann ; 
4990:984 _963 >985 4135 4128 4249 !l307 ,140_5_42S2 ]1182 112 68 ,1172 11 169 : 
4991 1184 4341 4342 4671 4664 4922 ;i73"l j20S0 !l740_ 4S02_ |l4Mji394 4586 ’ 

49924445 1350 !l216 4276 1358 4612 11512 4534 4355 4359 ;1451 11266 4395 ' 

4993 4 224 4209 !l364 11240_ 4190 4337 4317 jl318 jll86[ju6Q'iib49 :926 4210 ' 

1994 1103 4018 1024 [1194 4073 11298 4214 4M1J1176 4090 ;94e .908 4U7 ' 


FONT SIZE: B it 
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>1993 6402 
11994 6248 
1995 7947 
:1996>7845 
.1997>7646 
:1998'7599 
'19997354 
12000 7108 
■2001 7039 

2002 7052 

2003 6795 


8345 

8204 

7995 

7892 

'7690 

7533 


,8507 8280 

:8153 :8215 


18174 

17867 

(7661 

:7627 


8151 

8035 


17363 >7393 

.7139 '7059 


7038 

.7141 

16891 


16951 

:7089 

•6817 


18324 

8266 

8215 

■8300 


■7648 .7681 

7509 7696 


7590 

7065 

6902 

■7051 

6891 


7571 

7286 

16885 

17092 

6907 


8563 J8787 |8491_ 

8467 (8488 j8294 

8400 «465 48366 

8387 i^8479 !8315_ 

,7841 >7930 i7782_ 

7716 7854 l7^ 

7770 17935 17740 


7283 

'7038 

6983 

6991 


7136 _ J7076 
7024 |6963_ 

7W2_ *6862 
6938 16820 


7004 6590(e) 6582(e):6498(e),6491(e} 65Q9(e)(666 6(e) | 6489(e )>6397(e)' 
>2005 62S9(e).63Slie):6246(e);6294(e) 6341(e);6521(^6446(e}i646S(e)' 
12006 6805(e)-6814(e)'6821(e)i6884(e). 6930(e) 7i58{e)i7132(ei.7115(e}: 
12007. 6978(e) 6887(e)'6876(e)i69l2(e) 6926(e)i7067(e)j7035{e)l6960(e) 

12008 7059(e)7027(e)7089(e)7191(e)7231(e)7411(e)l7295(e) 7260LeJ. 

12009 7365 7419 7330 I7^435(p) ! 

c : Reflects revised Inputs, reestimatlon, and new statewide controls, 
p ; Preliminary. 


8405 

7992 

8147 

8108 

7577 

>7458 

7SZ1 

7022 

6897 

6B40_ 

6673 

'627^e). 

6513(e)! 

7084^6) 

6946(e)' 

7229(e) 


6332, '8262 
8051 <8035 

8006 i7899 

7910 J7826 

7486 _|7476 
7300 17417 

744_7 j7,461 

6^982 '6974 

6963 :6979 

6899 >6935 

6765 !6731 

.6252ie^272(eJ 

:M95(e)l6S49(e) 

6996(eji6997(e)> 

'69Sl(e)6929(e) 

•7269(e)7207(e): 


J8171 8406 

7752 8180 _J 

7JB11 8132 J 

7752 .8060 i 

47,531 7662 

>7332 7556 

7235 7532 1 

!6938 7089 ■ 

(6975 .6972 

'6832 :&984 

;66_7_6 6825 

6262(6)16440(6) 
6676(e) 6429(e): 
689B(e):6969(e). 
6933(e):6950{e)' 
7184(e)7205(e) 
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D At a Glance Tables 
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www.Us.gov Search: All BlSgov 

! 2 5 Y EARS 

Bureau of Labor Statistics 

Home Subject Areas Databases & Tables Publicattons Economic Aeteases 


Databases, Tables & Calculators by Subject 


Data extracted an: June 17, 2009 (05:10 PM) 
Local Area Unemployment S tatistics 


Series Catalog; 

Series ID : LAUCNS4059003 

State/Reglon/DIvIslon : West Virginia 
Area Type : Counties and equivalents 
Area Name ; Mingo County, wv 
Measure : unemployment rate 
Not Seasonally Adjusted 

Data: 

Year Jan i Feb Mar Apr] May Jun ^ iwl : Aug ; S ep [ 

:1990 10,2 JlO.l, 10.3 :1L5 :li2 ll.S fn.5 'iU.? A>.0 ' 

■199110.4 jl2.7 ill, 7 12.9 il4.1 15.7 il4.4 jlS.O Tl3.4 -14.2 ^13.4 IlLS ;13.3_ 

1199242.1 il2.7 'ill _;12.3'’' ill.5 14.2 '13.6 llVsi jiS-O jWJ :11.6 Jj2.2 ;12-6 : 

4993 12.4jl3._4 42.8 '14.2 43.6 14.9 44.1 14.0 42.5 jl4i3 : i3.8 iil.2 113.4 

1I99444.Q '13.1 12.6 13.9 J14.4 14.5 il3.4 '13.5 4 2 .7' i l3.4 '[IJA ‘H.T^13.4 ■ 

.1995' u'g Ul9 42.3’ 43.6'''il3',0 4S76' Vis.'i 46.7 44J ;i4.3_;12.1 _U2.0,"43 J ’ 

'1996 14.8 ;i3.4 13.4, 43.4_|13.4 45 4 ’^14.0 '1 4 .7 :13.0 >14.5 13.7 |i4.1 ;14_.0. ; 

1997 14,0 43.4 '43.1'' 42.F|i24''^'^£6 ',12Tj^ ‘ 

1998 12.5 jlis' il34 42.9 Yi3.5 "j6.2_;i5.5 j_15X]l3;^^^^^^ 19.3 j 

•1999'l2,Q .'44,2 yi3.3 ";17.S .116:4^^46^4 yTS-Vyil^sf 43^ ^13-8 ''-12.1 jip-6 _ ; 

2000 9.1 ’8.9 '9 .1 ;8.2 _ jsi _ '8,7 _j7j9 I s.O ’6 .7 _ j6.6 6.3 :S.8 '7.8 : 

i2bb'i7y6'''''!7,0 ''Y77l ’yi7.0l^ ‘6.9l'';674" “!fp_ 

;20037.1 '7.3 iS.e' ib.l .'8.6 :9.8 Uo.O jS-.O. J8.5 18.0 8.6 __j 

;2003'9.3 I9.7’''9,3 ^9.8 ' ji'b'.o' 41.2 .YO.O K8~_j7.9 17.7 :7.$_ jb.b 9.1_ j 

12004' 77'(e)j7.6(e)j7,5(e)7.2[e)7.b(el7,8(e)|7yblel|6ry^ 

i2bbs;64(e)]74{e)l6.4(e)j'5.8{e)^5.1Ce)!6.5(e);5.'8{e)j S.^e)j 4.9(e)i4.8<e):4.7(e)‘4.2(e)^5.6(e)| 
;2Q06;4!5lBVj'5.3reL57ta'i|5.’uei 5■3(eL6.2(e>jsii{eii6 4(^ 4■7(e)j4.6<e)!4!s(e)^’3(e):5■l(e)i 
12007 5.1(e)'|5.8(e)!5!s{;B5 S'.4(e)i5.6je)i6.2(e)j6.0(e)t6.'0(«)[4.9{^^^^ 
J2008'4.6(e),[,5.o’(e)j47[eyi'4.1j:e}:44'(e)l4,8(e)1^4^^ 

iiobb'ii'i'e [ 6 .'o '’fi ^8.2’(p)'!' T | i , 

e T'Refle’rts revised inputs, reescimatibn, and new statewide contt^s. 
p : Preliminary. 

Series Catalog: 

Series ID : LAUCN540S9004 

State/Reglon/DIvision : West Virginia 
Area Type : Counties and equivalents 
Area Name ; Mingo County, WV 
Measure ; unemployment 
Not Seasonally Adjusted 

Data: 

■ Year Jan Feb Mar I Apr ' May Jun 1 Jul i_A«9_, Sep ; j jNoy 1 Dec Ann 

11990945 9S2~~982 I1O2' 1187 4188 4208 4 281 [1081 99 Z 40 11 ,974 4075 

19914014 1254 4147 1281 1410 4618 il536 4555 .1378 _4452 ;i366 ;il33__434S 

:i9921220 4293 1224 1254 1177 1532 !1509 il509 .140 6 1315 1216 ;1291 \l329 

4993 1286 1399 4334 1507 1440 ■1^6_42 4 537 11483 4320 ,1502 j.l422 

19944428 4309 1262 1432 1501 1542 ;1429 4410 4305 4374 !1361 jllQS 1372 


http:/'/data.b!s.gov/cgi-birv'dsrv 


Newsraom { Tutorials | Release Calendar 

A - 2Ind«x I Ab«ul SLS 

■rOKTSI2E;0® ' 
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1994 10182 10023 '9988 

;199S 9703 ,9773 ;9725 


1996 9673 
11997 9260 
;19?8 8818, 

1999 8431 

2000 9076 

2001 9043 

2002 8654 
,20p3;83?l 


10467 1039 4 il0614 10557 ;i0993 '10878 J 10586 
10293 ,,',10405 i,ip636_ ! 1 0674 ; 10449 
10097 40070 jl0456 ^10602 !l0508 
10017 '10272 il0273 , jl0121 
■9286_ 

;9054 
'864_6_ 

:9162 


40_597_:i0537 _ : 10322 J 10090,, 
'10304 :i0216 '10160 9731 


'9718 

19079 

!8731„ 

'8308 

]9096 

,J9040 

18703 

8414 


,9949 

'9187 . 

8924 

:8701 

9104 

8938 

8769 

.8408 


8780 

'8235 


i9413 _ 19^3 :9417 

'9327 !?343 ;8?86 

'8809 18799 .i8695 

!9_284 i917 1 :9050 

[9143 ,:9101_ 18932 

;8391 8769 ;B727 

18415 8390 :8190 


[10045 J 10008 
|9839^ >714_, 
19102 ;8911 . 


^9725 ,_:9657 
;9376 ;9381 

8981 ^8772 


;2004,7988Ce)l7873(e) 7846(e). 7939(e) 7945(e):8135te)[8177(e)j812_2(e)l 
1200S;7814(e). 7933(6)7960(6). 8p20,(e).,8086(e)[8336[e);8418(e);8381(e)i 
;2p06i8320(e)|8404(e)_83eO(e)'8S41(e) 86DS(e)|8821[e)-8807(e)-B753(e>i 
7007i8598(e):8670(e> 8639(e):8780{e):8865(e)1907S(e) 9052(6)18923(6)! 
;2008:8778(e};8757(e);8814(e) 8942(e)'8968(e);9220(e);9l97(e)i911()(^l 

'2009:8879 ;8836 ;8782 3632(p) j I _ _ 

e : Reflects revised Inputs, reestimstlon, and new statewide controls, 
p ; Preliminary, 


8789 8694 ;8640 8404 ; 

8408_ [8672 ^54 1 8335 , 

8867 i9005 , 9029 9007 

8875 18764 8766 8582 

8666 ..;8536 ;8512 __ 8457 

8118 ^79 48 7 819 7 782 

8094(e)j79^e}i7913(e);7863{^ 
;841Z(e);841Xe)!8M2(e)'830S{e) 
:8742(e)i87M(e) 8808(e) 8M3(e) 
:8829(e)i8883(e) 8834(e) 871S(e) 
9090(e)j9Q7 7(e)!90 43(e)'8935(e) 


10537 ! 

10255 ; 

10031 [ 

9832 

9176 ' 

8870 ! 

8574 

9078 ■ 

8924 

8683 

8214 

7986(e), 

8202(e)' 

8631(e) 

8822(e)' 

8994(e) 


Quick Links 


Tools 

Calculators 

Help 

Info 

o At a Glance Tables 

O Inflation Calculator 

Q Help & Tutorials 

o What's New 

0 Economic News Releases 

O Location Quotient 

O A to 2 Index 

o Careers @ BLS 

□ Databases & Tables 

n Injury And Illness 

O FAQs 

a FIrtd It! DDL 

□ Maps 


0 Glossary 

O Join our Mailing Lists 



o About 8LS 

o Privacy & Security 



D Contaa Us 

o Linking & Copyright Information 


J/M Back to Tod Praadomor loformation Act | Cuatomtr Survo* | Do vou hove a locftnical Wab aita at»atbn7 

U.S. Bureau (/Labor Slatbtia 2 Maasactnselu Averua, tre Wastaiglon. K 24)212-0001 
wwm.bfc.ooa | TM^tione: (202) 691-$200 1 bo you havea Data sueatton' 


http://data,bls.gov/c^-birv'dsrv 
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http;//data.bls.gov/cgi'biii/dsrv 


www.blE.gov 




AH BI.S.gov 


1 2 5 Y E A RS 

Bureau of Labor Statistics 


Home Subject Areas Databases & Tables Publicatians 


Ecanamie Releases 


Newsroom [ TutoKals | Release Calendar ^ 


Databases, Tables & Calculators by Subject 


Data extracted on; June 17, 2009 (05:10 PM) 

Local A r ea Unem ployment Statistics 


Series Catalog: 

Series ID : LAUCN54109003 


State/Region/Division ; West Virginia 
Area Type : Counties and equivalents 
Area Name ; Wyoming County, WV 
Measure : unemployment rate 
Not Seasonally Adjusted 


Feb ^ M^r 

U .7 :il ,6 


|Year: Jan 
:i990 10.8 
4991 12.0 ;i2.-l''ll,0 
il992il4.2 il4.2 14,1 

4993IIS.5 |20.3 ,17_,2 
Il 994:i5. 4 114.0 J13.5 
;199541,2 111, 2 ,11,1 


;19M;9.5 9,7 

,1997:10.5 ^ 

1199818.2''" jS-i' 

1999iB.8 

2000 l-S 

•200117, 7 
2002 6.4 
2003;7.5 
'20(w;8,p(e)!8,7(e)je.l(e)| 
^2005:5. 2(e}i6.3(e]:S. 9(e): 
;20b64.8(e)!5.5(e)|5'.4(ej; 

[2b07l6Vl(eji6.6(e)j6.'3(e 
2008'S,'4(e);5.5(e);S.3(-e); 
2009:5.2 ;8.4 .7.4 

e : Reflects revised Inputs, 
p : Preliminary. 


Apr J Jlay 

12.7_ ’1273 _ 
li.b" 112.3 ' 

13.3 il3-6 

16.3 jl8._l_ 
1 3.0 ..jl2.'3 
'llT.'jip;6", 

' '9.2 '>','3 


9.1 J8.7 ;7.7 !7,5 
10.6 ;9.9 I 1 O .4 10.4 


Jun ! Jul I Aug Sep Oct Nov_ 
124 ''[ll,'9_'l3.6 !l.3^4_ ;.1L3_ jl2.7 i: 
12^9 |l2_.2' :14.7_jl3.3’ 44.7 

14.5 I18.9 ;19.8 il8.5_ ;i7.0 

18.6 !18.8_ ’20.4_J17.4 46.5 47.2' 

13.6 jl 3.0 'l 2.5 ; il^3 jll.8 40. S i: 

T2,3J11.3 41.4 J_n.3 ;9.5 ,__9.4’3- 
10.l';9,9 4^6 [12.3 'lO-Sl’w.S J_« 

9.3 _!8.8 :9:« „ n 

9!s"’Ii0.i' 4i72 ;9.7 ,.10.5 '9.2 ' “t 


[7,7 7,5 18.0 |7,4 [7.7 16.8 16.4 :6.7 


17. 0 !6,6 15,8 '6.5 16,8 ,6.8 ;5.6, [5.3. .:5.p__i5.l_ 

j7.p' :6,9 i64 , _ 7.2 |6,5 i6.7 ;6.2 i6.3 r6-9_ J6.7 


17.6 ’8.8 


)’6.8(e)i 

!)'5.8(e)j 

')^S,8(e)j 


IS.4 18.6 :e.8 


7,1 ;6,7 

6.6(e)i6,2(e)’6 
'5[5(e)i5J_(e)i'5 
l's' 4 '('e')'|" 5 ,l(e)'rs 

4,6(e)|4,6(e) 5.5{e)i4.9(e):5.1(e)!_3.8<e)i3.7(e)_3.6(e):3 

.9.4(p); i L . : ' 

reestimatlon, and new statewide controls. 


|5,4(e)j_5.6(e)|4.4(e)i4,8(e>;4.9(e)|4 

!5.i(ef57o('e);4;8(e)!4.6(ej''4'6(e):4 

i6.2(B);6.2(e);S.^e)i5.4(e2_S4(e):4 


Series Catalog: 

Series ID : LAUCN54 109004 


Scate/Reglon/Division ; West Virginia 
Area Type : Counties and equivalents 
Area Name ; Wyoming County, WV 
Measure ; unemployment 
Not Seasonally Adjusted 


Data: 

iYear Jan Feb 1 Mar Apr May i Jun 

11990923 4000 :98'o 1088 4133 _4125 

1991 990 1010 '892 ' 903 4 011 4109 

19924214 1184 4169 ,1131 4216 4265 

19934309 1791 14B7 4411 4604 4695 

4994 1301 4148 4086 1063 1049 1161 


il021_jll30 4104 1055 ,h065_il0_46. 

|l047 jl217 1114 1024 4232 [ 1 OO 6 il046 

;i774 il768 4613 4473 11441 [1393 4387 
ii699_U790 4473 441611465 jl263 !l534 

[losi Jj .021 iola :9M Je9i 792 11045 
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;i993‘8440 ;8855 |8638 ;8653 ;8850 .. 19090, , 19024 _ J8778 _J8482 [8562 :8529 18302 i8684 J 

|l994.B424 8199 18043 18190 ._^8562_ ,8518 .Jai48 ,_l8153__i8255 18106 ' 84 76 J7926_ ,:825p_ j 

|1995 7804 : 7766 17769 7972 7998 18271 j8254 180^8, -8062 ; 7847 i7819 '7747 7946 

i 1996/7793 7658 17679 7974 8440 ;a215 13367 ^M42_. jM75_ /8381 J8344_ :8197 8164 

!1997,B327_ ,8337 !S310 _;8355 '8352 8525 18512 ;8411 18291 , ,;82S5__ ;827_5 _ '8134 8340 

!i 998 8136 ;8p63 ^J803? (8448 _?023„., ?pp9.,,j,a826 18666 |85 49 , ;86p2 ;83M _;8319 8506 

il999,8289. '8357_ ^8202 ;8385 8440 8607 jsSSS i8295 j8159 , J8024 _ J8085 7902 8273 i 

boOO 8581 18625 18509 .J8612 ,.18994 __i889,2_,_„ 18747 ;85 59 j^8_ i8476__ .8485 _ ;8418 8607 

[2001 8500 .8387 ^8371 18522 _,&444 '867V...]8.663 J8482 1M27 _ :8S06 _86S6 _8604 .8520 ! 

(2002 8678 8711 |866l . [8787 9162 8960 ._|.8816_J86,55^ 0601 [8518 _ .8544_ j,8494 8716 : 

12003 8446 . 8419 „ |8389_ |8417 8335 ...,8453 ^jSSll 8168 :792S ^6056 7 941 79 82 8238 

12004.7971(ej7_9.73(e)7877(e)l80q.5(ej,1.8p,50(e)l8223(.e)l8190(e} 8110(ei8p.55(ejj7973(e)'8037(e)i7933(e) 8033(e). 
;2005 7939(e} eO23(e);eO27(e)i82Ol(e)l8271(e).i85O4(ey8375(e>..8347(e)|8281(e){8319{e}i8256(e};'8147(e);0224(e)i 
i2006,8194(e) 8291(e):8296(e)i8303(e) 8372(e)(8542(e)l8464.(€>:8460(e)l8448(e)(8356Ce)5262(e)i8253(e) 8354(e); 
12007 8286(e);83p5(e)j8261(e)j8287(e);8215(e):8344(e) ‘8328(e);8254(ei-;8234{e)r^.2(e).8p44(e)7947{e);8216(e); 

2008 7813(e), 7818(e)i7843(e)i7964(e) 7974{e)l8152(e) 17846(e) 7778(e);8227{e):8167(e):81(l3(e) 8p53<e) 7978(e) 

.2009(8075 7954__ 7776 ;7817(p)‘ i ...... 1 

e : Reflects revised inputs, reestlmation, and new statewide controls, 
p : Preliminary. 
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IN Ktl’L'i 


lOiFtR I'O 


United States Department of the Interior 

NATIONAL PARK SERVICE 

NEW RIVER GORGE NATIONAL RIVER 
GAIJLEY RIVER NATIONAL RLCRHATION AREA 
DLIJESTONE NATIONAL SCENIC RIVER 
104 Main Street 
PO. Box 246 

Gkn jean, W'esc Virginia 25S46 



January 22, 2009 

N36n(NERI) 

XA3815 


Ed Wojtowicz 
Permit Supervisor 
DEP Regional Office 
1 16 Industrial Drive 
Oak Hill, WV 25901 

RE: Powelllon Coal Company, LLC ‘s applicalion for renewal of Article 3 Permit Number S-3003-01 

Dear Mr. Wajtowicz: 

Please accept the following comments on the above referenced permit renewal application for the 
Powellton Coal Company LIX’s Bridge Fork Wesl Surface Mine. New River Gorge National River, the 
Gauley River National Recreation Area and the surrounding environs contain nationally significant 
aquatic, terrestrial, and recreational resources. The continued operation of Bridge Fork West Surface 
Mine, and its associated extensive violations fordlscharge of pollutants into waters of the United States 
causes us great concern for potential threats to these resources. 

Associated with the mining permit is National Pollutant Dischaige Elimination System (NPDES) Permit # 
WV 1019449 for discharging into Softwood Hollow, Grassy Lot Hollow and unnamed tributaries of 
Bridge Fork at Rich Creek. Rich Creek flows into the Gauley River just downstream of National Park 
Service administered lands of the Gauley River National Recreation Area (GRNRA). 

Performance standards under the Federal Surface Mining Control and Reclamation Act (SMCRA) require 
that all discharges from permitted mining operations be made in compliance with all applicable State and 
Federal water quality laws and regulations and with the efflueni limitations for coal mining. The Wesl 
Virginia Surface Mining Rule states a similar standard that ^‘Discharge from mining areas distributed by 
surface mining shall not violate effluent limitations or cause a violation of applicable water quality 
standards” 38 C.S.R, 2-14. 5.b. According to Powellton's Discharge Monitoring Reports (DMR’s) for 
WV/NPDES Permit WVI 019449 including reports through September 2008, Powellton has been 
exceeding permit limits for discharge for daily and monthly averages at an extremely high frequency, 
registering a substantial number of violations for multiple parameters including suspended solids, iron, 
manganese, and aluminum. 


Take PRioE lfe-*-. 
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These pollutants pose a threat to aquatic life and human welfare. Precipitates of aluminum, iron, and 
manganese can coat stream bottom substrate limiting the available habitat for aquatic life, suspended 
solids are also harmful to aquatic life through the erosion of gills, and aluminum is known to be toxic to 
aquatic life, and has been associated with neurological and bone diseases in humans, The frequency of 
exceeding permit limits indicates a lack of commitment on the part ofthe permittee to employ adequate 
controls that will limit the impacts of this operation on downstream resources. The proximity of these 
activities and discharges to GRNRA may limit the abundance and productivity of aquatic life in and 
around GRNRA, particularly mobile species that otherwise might use Rich Creek and its tributaries as 
refugia, spawning habitat or rearing habitat. 

Prior to issuance of the original permit for this mining operation, it is assumed that a Probable 
Hydrological Consequences (PHC) determination aiid a Cumulative Hydrological Impact Analysis 
(CHIA) would have been required by the state. Considering the extent of violations to W V/NPDES 
Permit WV1019449 through operations of Bridge Fork West Surface Mine under Article 3 Pemiit 
Number S-3003-01 any rationale for determining “No Material Damage" to surrounding hydrology would 
no longer be valid since the determination would be dependent on discharge remaining within permit 
limits. We request that the PHC and CIIIA be reconsidered and evaluated with the actual mine operations 
and associated discharges utilized instead of projected discharges or other now irrelevant measures. 

The National Park Service is concerned about the continued operation of this mine as a stand-alone 
operation but is even more concerned about the cumulative impacts of this mine in association with other 
nearby mining operations (some operated by Povvcllton) within the same and adjacent watersheds. It 
appears that some of these operations have a propensity to grow beyond their original permit boundaries 
and/or scope of operations. Individual operations may be located within close proximity to other 
operations in a manner that they appear to be the same mine with extensive disturbance occuning 
concurrently within the same watershed. However, the permit process does not address these cumulative 
etfects to the surrounding and downstream resources. When evaluated as a whole, the extensive mining 
operations in the vicinity of Rich Creekare jeopardizing the health of the watershed and the other values 
that are dependent upon it. 

In consideration of the water quality violations at this site, apparent violations at other mine sites operated 
by Powellton, and the cumulative impacts to the environment, we request that DEP deny this permit 
renewal until a full evaluation of cumulative effects can occur with public input. In addition, site 
conditions, and current violations be fully invc.sligalcd, and until Powellton can fully demonstrate 
compliance with all State and Federal standards throughout the site and all mine related activities. 

If there are any questions please feel free to contact Scott Stonum, Natural Resource Specialist, at 304- 
465-6531. 

Sincerely, 


Don Striker 
Superintendent 

cc: 

Laura Hill, Acting Field Supervisor, U.S. Fish and Wildlife Service, West Virginia Field Office, P.O. Box 
1278, Elkins, WV 26241-1278 

Ginger Mullins, Chief-Regulatory Branch, U.S. Army Corps of Engineers, Huntington District, 502 
Eighth Street, Huntington. WV 25701 
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CATERPILLAR 

Cat Global Mining 

Caterpillar Inc. 
300 Hamilton Rlvd., Suite .100 
Peoria 11. USA 
Telephone: 309-675-5126 
Fax: 309-675-4777 


June 29, 2009 


The Honorable Benjamin Cardin 
Chairman 

Water and Wildlife Subcommittee 
Environment and Public Works 
United States Senate 
Washington, DC 20510-6150 

Dear Senators Cardin and Crapo: 


The Honorable Mike Crapo 
Ranking Member 
Water and Wildlife Subcommittee 
Environment and Public Works 
United States Senate 
Washington, DC 20510-6150 


As a leading supplier to the coal mining industry, I'm writing to express Caterpillar’s support 
for Ihe coal mining industry and surface mining in Appalachia. 

For more than 80 years. Caterpillar has been making progress possible on every continent. 

As the world’s leading manufacturer of construction and mining equipment, diesel and 
natural gas engines, and industrial gas turbines; along with our commitment to providing 
leading financial, remanufacturing, logistics and rail services, Catcipillar has a keen interest 
in the hearing you held on June 25, 2009, regarding surface coal mining in Appalachia. 

Caterpillar serves the worldwide mining industry through the Cat Global Mining 
organitcation, headquartered in Peoria, Illinois, with regional offices around the world, . Cat 
Global Mining is the single point of contact for global mineral producers and the primary 
link to Cat's extended mining enterprise. 

Caterpillar works with our dealers and customers to develop products, services and solutions 
that enhance customer value; with a lighter environmental footprint in mining and every 
industry we serve. We have a long history observing the coal mining industry. As one of 
our most important natural resources, coal is a critical part of our nation’s energy mix. Coal 
is abundant within the U.S., has a high-energy intensity, and is cost effective. With roughly 
half of our electricity currently generated by coal, coal-fired power has and will continue to 
have a major role in U.S. power generation and steel production. Cateipillar strongly 
supports the continued use of this important resource. 

Surface mine coal seams cannot be mined by underground methods. Therefore the practice 
of mountaintop mining is the safest and most efficient way to mine this critical resource 
contained in the multiple steep slope coal seams in central Appalachia. This legal, highly 
regulated and complex engineered eatthmoving process is an environmentally responsible 
method of surface mining. Depending on the state in this region of the country, this practice 
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can account for a sizable portion of the coal produced, and supports thousands of good 
paying jobs in the mining industry, and those additional industries that support it. 

Caterpillar has a significant presence and involvement in surface mining in Appalachia. Our 
dealer network, which supports mining customers in the Appalachian areas of West Virginia, 
Kentucky and Virginia, employ over 3,000 people that depend largely on the coal mining business. 
These jobs are in addition to the thousands of jobs at Caterpillar facilities in Illinois and other 
locations designing and manufacturing industry leading mining products. 

Mountaintop mining not only supports our nation’s energy needs while providing tliousands 
of good jobs, it also is practiced in a responsible way, ensuring that sites are restored tlirough 
reclamation in accordance with permit requirements. It is important to note that all 
mountaintop-mining operations must obtain permits and comply with the Clean Water Act 
(CWA), other water quality standards, and comprehensive mitigation plans. 

Caterpillar is commilled to sustainable development, and to partnering with our mining 
customers in Appalachia and around the world lo ensure the environmentally responsible 
extraction and use of our natural resources. Surface mining is no exception. 

Providing reliable and efficient energy solutions, promoting responsible use of materials, 
enabling the mobility of people and goods, and developing quality infrastructure are key 
societal challenges. They are also the major areas where Caterpillar, our dealers and our 
customers have been providing solutions for decades. In this regard, we look forward to 
continuing to work with you on these and other important matters before the Senate 
Environment and Public Works Committee. I’m pleased to include a copy of a Walker 
Machinery Company (an independent Caterpillar dealer) brochure that further explains the 
facts behind mountaintop mining in Appalachia. 1 welcome your comments. 


Sincerely, 



Chris Curfman 


Cc: Environment and Public Works Committee Chairwoman Barbara Boxer 

Ranking Member James Inhofe 


Page 2 
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‘The Qua!iiwgp«kW«<^#ies«fvte® goudesave* 
•I Acculab Drive 

PO Box 3B7 Mount Bay, West Virginia B5B37 
004)758-6798 FAX (304) 758-5933 

July 2, 2009 


The Honorable Mr. Benjamin L. Cardin 

The Honorable Mr. Lamar Alexander 

U.S. Senate Committee on Environment & Public Works 

410 Dirksen Senate Office Bldg 

Washington, DC 20510 


Dear Senators, 

Upon attending the Senate Wildlife Subcommittee of the Environmental and Public 
Works committee of the U.S. Senate titled ‘The Impacts of Mountaintop Removal Coal 
Mining on Water Quality in Appalachia” meeting in Washington, D. C. on Jtine 25, 2009 
I am deeply concerned about the future our coal industry faces here in West Virginia. 

After hearing testimony given by the panel of experts before the committee I feel as 
though some opinions presented before the panel are misleading and biased in their 
attempt to stop mining altogether not just mountaintop removal. 

Your proposal would not just affect mountaintop removal operations. Almost all coal 
mining permits here in Southern West Virginia must utilize some type of valley fill to 
dispose of the excess spoil that is generate during the mining process. This is just the 
nature of the geography that exists here in Southern West Virginia which along that of 
Eastern Kentucky has the most unique challenges of any mining region within the United 
States. I implore you to examine all the facts before you consider passing legislation that 
will affect the livelihoods of not just coal miners and their families but entire 
communities here in West Virginia. 

Our business would cease to exist without the contracts that are supplied from the coal 
industry. I am not biased for the coal industry, my company’s involvement is to provide a 
service that in essence helps to promote and protect cleaner waters for our coalfield 
communities and its residents. Our support role for the coal industry is to ensure that 
pollutants are kept within the limits of their NPDES Permits by routine monitoring and 
reporting to all regulatory agencies. 

Testimony was given that basically said that mining completely kills the streams and 
aquatic life contained within the watershed below valley fills and the stream is no longer 
able to support a healthy ecosystem. That is an opinion of Dr. Margaret Palmer and not a 
sound scientific fact. Although, I can not dispute the fact that a specific genus of mayfly 
may indeed leave the waters of a stream below a valley fill there still exists a hosts of 
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other aqiiatie species and in Tact other inayfty eoionies do still exist. More scientific 
research needs to be done instead ofthat of a handful of scientists who have published 
one study. 

Our company for the last six years has been compiling data for both water chemistry and 
macro inveite brae data for approximately 230 sites across the state of West Virginia to 
determine the eifects that iiiitiing has on cwr streams and their ecosystetiis, 

Mr. Cardin you yourself even wanted to know if in fact the EPA's recommendations 
were based on a broader base of scientific data to determine the findings published by the 
Pond Euid Passmore Study. Stich scientific data exists that mstlines the aquatic health of 
an entire watershed. Mr. Cardin one paper is not the answer to the debate. In fact our 
organization vvould be glad to assist in continuing this investigation Jointly witli our 
scientific colleagues. 


At a preliminary glance we reviewed oiir data and looked at only water cliemistiy^ 
analysis with specific conductance greater than 500 «s.''cm, which was used as an 
indictitor for the Pond and Passmore Study, to see if there was indeed negative effects on 
mayfly populations, which are a type of macroinvertebrate that inhabit our stales waters. 

Oitr findings .suggest that there are such benthic populations that still exist when the 
specific conductance is at least 500 ii.s/cm or higher but our study only cxtuiiincd to the 
family classification instead of the more stringent genus level as suggested by the Pond 
and Passinore Study using it new method. 

I am asking you for an extension of the deadline for data submittal so that a formal 
presentation of our findings may be presented unto the committee. ! feel as though all 
sides 10 the story' have yet to be told. 

One would think that eacli of you on the committee would want to carefully consider all 
the fiicts as relating to such a ptotentially devastating act. Your responsibility' as relating to 
this matter poses tiie threat of eliminating a way of life for an entire region. Tourism is 
51 ot completely the answer but I agree tiiat there can be a balance achieved if all sides 
come to the tabic to woi-k out their differences. Tourism wages by no means liails in 
comparison to tire wages that ticcompany the mining industry here in West Virginia. Your 
proposal would further impoverish our region. 

Your prompt attention and consideration for (his retjuest would be most £ippreci:ited. 


Sincerely, 


Randall Carpenter 
JYesident 
.Acculab, tnc. 

Chris Ellis for Mr. Randall Carpenter 


Cc: West Virginia Coal Association 
Logan County Coal Vendors 
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FRANK PALLONE, jR. 

6TH DJSTBhTT. NSW ^RSCY 


Cangregs of fftt ®mfe6 ^fates' 

ftoBSe Gt 

3§C 20St6-300u 




Senate Subcommittee on Water and Wildlife 

Hearing on the Impacts of Moiintaintop Removal Coal Mining 
on Water Quality in Appalachia 
Thursday, June 26, 2009 

First, 1 would like to thank Senator Ben Cardin for holding this hearing. T applaud 
his leadership in introducing die Appalachia Restoration Act (S. 696), the companion bill 
to the Clean Water Protection Act (H.R. 1310), which I introduced in the House. Thi.s bill 
will protect y\mcrican waterways by overturning a 2002 Bush Administration rule, which 
has allowed hundreds ofmilos of headwater streams to be buried by toxic waste from 
mounfaintop removal sites. 

Tn a typical mountaintop removal operation, hujidi'cds of vertical feet spread over 
thou-sfuids of acres are blasted apart using animonium nitrate fuel oil. I'he rubble created 
by blowing these mountains apart is then dumped directly into the adjacent river vaJlcy in 
what is called a “valleynil.” According to the bnviionmental Protection Agency's 200.3 
Environmental Impact Siatcmeni, these valleylills have buried and polluted more than 
i ,200 miles of streams, depositing heavy metals and chemicals such as arsenic, lead, 
mercury, and selcniiun and negatively impacting water quality for those in Appalachia 
and downstream. 

Senator Cardin and Senator Alexander are both from .Appalachian coal-producing 
states and understand that there are better ways to move our economy forward than 
blowing the tops off of our mountains and destroying our valuable natural resources. 

Last W'cek, West Virginia University professor Vtichael Hendryx rclea.sed a study 
titled “Mortality in Appalachian Coal Mining Regions: The Value of Statistical Life 
T.ost.’' This study prove.s that current mining practices are not only ruining America's 
oldest mountains, it is also having a tremendous negative impact on the economy and the 
public health in communities where it is taking place. 

Furthermore, Dr. Hendryx's shows us that while coal mining contributes S8 
billion annually to local economies, the cost to the local communities is more than S50 
billion. Becau.se of this coal mining, according to Dr. Hendryx, tiii.s region of the country 
losc.s $42 billion every year. The areas with the highest amount of mining are the areas 





448 


with the highest unemployment in the region. Much of this is due to the increased use of 
strip-mining, which costs the region traditional undergrouitd mining jobs and employs far 
fewer people than underground mines would. Coal mining areas fared signillcantly 
worse across al! socioeconomic and mortality indicators compared with non-mining areas 
of Appalachia and/or the nation. 

That said, we can and must do better. Congress mast work to pass the Clean 
Water Protection Act (HR 1310) and the Appalachia Restoration Act (S 696). These bills 
will protect the health, economy, mountains, streams, and communities of this great 
nation. 


Stopping mountaintop removal vvill help protect Appalachia's invaluable natural 
resources and communities and help us promote economic growth in some of the most 
impoverished communities in the country'. 

Again, I appreciate Senator Cardin's attention to this important issue and for 
holding this critical hearing. 
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fcounoiviic Senefits, Carbon Dioxide (CO2) Emissions 

Rfiiuctlons, and Water Conservation Benefits from 
1 ,000 Megawatts (MW) of New Wind Power in West Wirginia 


W ind power is one of the fastest-growing forms of 

new power generation in the United States. Industry 
growth in 2007 was an astounding 45%. New wind 
power instaliations constituted 30% of all new electric power 
installations. This growth is the result of many drivers, includ- 
ing increased economic competitiveness and favorable state 
policies such as Renewable Portfolio Standards. However, new 
wind power installations provide more than OMt-competitive 
electricity. Wind power brings economic development to rural 
regions, reduces water consumption in the electric power 
sector, and reduces greenhouse gas production by displacing 
fossil fuels. 

The U.S. Department of Energy’s Wind Powering America 
Program is committed to educating state-level policy makers 
and other stakeholders about the economic, CO 2 emissions, 
and water conservation impacts of wind power. This analysis 
highlights the expected impacts of 10(X) MW of wind power 
in West Virginia. Although constniction and operation of 
1000 MW of wind power is a significant effort, six states 
have already reached the lOOO-MW^ mark. We forecast the 


cumulative economic benefits from 1 000 MW of development 
in West Virginia to be $1.0 billion, annual CO 2 reductions are 
estimated at 33 million tons, and annual water savings are 
1,763 million gallons. 

Economic Benefits 

Building and operating 1000 MW of wind power requires a 
significant investment. But this investment will generate sub- 
s^tial direct, indirect, and induced economic benefits for 
West Virginia. Direct benefits include jobs, land-lease pay- 
ments, and increased tax revenues. Indirect benefits include 
benefits to businesses that support the wind farm. Induced 
benefits result from additional spending on goods and .services 
in the area surrounding the development. 

Direct impacts result from investment in the planning, devel- 
opment and operation of new wind facilitJes. Beneficiaries 
include landowners, construction workers, O&M staff, turbine 
manufacturers, and project manager.?. Indirect impacts reflect 
payments made to busine,sse5 that support the wind facility 
and include banks financing the 
project component suppliers, and 
manufacturers of equipment used 
to install and maintain the facility. 
Induced benefits result from 
increased spending by direct and 
indirect beneficiaries. Examples 
include increased business to res- 
taurants, retail establishments, 
and child care providers, 

Drivers of economic benefits 
include the use of local construc- 
tion companies, the presence of 
in-state component suppliers, 
local wage structures, local prop- 
erty tax structures, and operation 
and maintenance (OitM) expendi- 
tures. The projected benefits for 
West Virginia could be greatly 
increased by the development of 
a local wind supply, installation, 
and maintenance industry within 
the state. 


West Virginia Economic impacts 

: fi^ 1,000 C 


Wind Energy's Econmnic “Ripple Effect” 



Construction Pitase = t-2 years 
Operatituial Phase = 20+ years 
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Distribution of Wind Resources In West Virginia 



; ddhSWticlfeh 0^ 
pperatfonsand M^ntenance 
Fft p^Tax, ; : 
iiaitidowner Lease Payments 


Inputs 

$1,65D/kW 
'$24,70/KW/yF ' 
$1,51 5/MW/year 
. $2, 667/MW/year 


CO2 Emissions and Water Conservation Benefits 


In 2004, the average West Virginia resident emitted approxi- 
mately 49.4 tons of CO 2 from electricity consumption. As a 
state. West Virginia ranked 3rd in per capita electricity sector 
CO 2 emissions. CO 2 emissions are increasingly important 
factors as State and federal government consider policies 
regarding dimate change while drought in the Southeast has 
underscored the relevance of fre.shwater supply issues outside 
of the arid and semi-arid regions of the United States. 


Developing wind power in West Virginia will result in CO 2 
emissior« reductions and water savings. Choosing to build 
W'ind projects results in CO 2 reductions from decreased 
natural gas consumption. In addition, both fossil- and nuclear- 
based eloctridty generation con.sume large amounts of water. 
Wind power reduces our reliance on increasingly vital fresh- 
water resources. 


Annual Impacts in West Vfrgmis from 10(XI MW 
of New Wind Power 

Water Savings . ' CO 2 Swings 


Methodology 


1 .763 million gallons 3.3 million tons 


The data for economic analysis are primarily from interviews 
with .state-,5pecific contacts, including deveiopers, power plant 
operators, contractors, mining and gas associations, and state 
property tax assessors or admini.strators. When interviews 
were not possible, information was obtained from public Web 
resources, state tax reports, and federal databases for current 
power plants. Cumulative impacts are estimated for construc- 
tion and 20 years of operations. Economic impacts are 2007 
constant dollars and estimated by applicahon of NREL's Job 
and Economic Development Impacts QEL)!) model. Carbon 
estimates apply 2004 non-baseload CO 2 emissions rates (EPA 
eGRID2006 Version 2.1, April 2007), Water savings are calcu- 
lated based on consumption rates for various generating 
technologies. Consumption rates were compiled by Western 
Resource Advocates and calculated from ElAform 767 data 
and EPRJ publications. Consumption rates are applied to the 
NERC region generation mix as determined from ElA form 
960/920 (2006). 


For more Information, contact: 

Eric Lantz, Eric_Lantz@nrei.gov 
Suzanne Tegen, Suzanne_Tegen@nrcl.gov 
Wind Powering America 
National Renewable Energy Laboratory 
1617 Cole Blvd.MSSSn 
Golden, CO 80401 
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West Virginians ior Affordable Health Care 


Early Deaths: 

West Virginians Have Some of the Shortest Life 
Expectancies in the United States 
A Report by West Virginians for Affordable Health Care 

Developed under a grant from the Claude Worthington Benedum Foundation. 
The West Virginia Council of Churches is the fiscal agent for this grant. 


In April 2008 Harvard researchers published a report examining life 
expectancy in the United States.’ The report examined life expectancy over a 38- 
year period by county and by gender. Their basic finding is that counties with 
high life expectancies continued to improve, while the life expectancy in the 
worst-off counties was stagnant or actually declined. The result is that the 
inequity in life expectancy among different counties increased from 1961 to 1999, 
the last year that data was available. 

West Virginians for Affordable Health Care (WVAHC) examined the data 
used by this report. A summary of the counties with the lowest one percent of life 
expectancies in the country is attached as Appendix A. States that are most 
prevalent in this lowest one percent are: South Dakota, Mississippi, West Virginia 
and Arkansas. Major findings that relate to West Virginia include the following: 

> West Virginians have lower life expectancy than the average in the United 
States. 

> Southern West Virginia has some of the lowest life expectancy in the 
country. McDowell, Logan and Mingo counties were rated among the 
lowest one percent for shortest life expectancy in the United States. 


M. Ezzati , A. Friedman, S. Kulkarni , C. Murray, “The Reversal of Fortunes; Trends in County 
Mortality and Cross-County Mortality Disparities in the United States." PLoS Med 5(4): e66. 
doi:10. 1371/journal. pmed. 0050066. (2008) Accessed June 2008 at 
http://medicine.plosiournals.ora/Derlserv/?reauest=aet 
documentSdoi=1 0. 1 371/iournal.pmed. 0050066 . 
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McDowell County residents were rated 14"' out of 3,141 counties in the 
U.S. Logan County was rated 21"', and Mingo was rated 27'^ 

> Another three counties - all in southern West Virginia -- were rated among 
the lowest ten percent for life expectancy in the U.S. Lincoln County was 
rated 100'^ Wyoming County was rated MS'", and Boone County was 
rated 224'^ Fayette County was only five counties above being in the 
lowest 1 0 percent and was rated 319"'. 

> Only four counties in West Virginia (Pendleton, Grant, Tucker and 
Monongalia) had life expectancy above the national median.^ 

> West Virginia women relative to other women in the U.S. had even lower 
life expectancies. Women in three counties (McDowell, Mingo and Logan) 
were all within the sixteen lowest life expectancy counties in the country. 
Another 4 counties were in the lowest 10 percent of counties in the 
country for life expectancy. 


County 

National Ranking for Both 
Men & Women 

National Ranking for 
Women Only 

McDowell 

14 

10 

Mingo 

21 

15 

Logan 

27 

16 

Lincoln 

100 

53 

Wyoming 

145 

58 

Boone 

224 

107 

Fayette 

319 

265 


> In 1 999 not a single county in West Virginia had life expectancy for women at 
or above the national average. The best county for women in West Virginia 
(Tucker County) had a life expectancy of 79.5 years, while the national 
average was 79.6 years. 

> If women in McDowell County had life expectancies at the national average, 
they would live on average an additional 6.1 years. If women in McDowell 
County had the same life expectancy as women in the county with the highest 
life expectancy^, they would live on average an additional 1 1 years. Women 

in Logan County would add a decade of life if they had life expectancy equal 


^ The Harvard researchers provided a national average life expectancy for men in 1999 (74.1 
years) and for women (79.6 years), but did not provide an average life expectancy combining 
both men and women. WVAHC used the median county; that is, the county with 50 percent 
greater life expectancy and 50 percent lower life expectancy; to determine the average for both 
men and women. 

" Stearns County, Minnesota. 
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to the best in the country, and would live slightly more than five additional 
years if they had life expectancy at the national average. 

> A number of counties in West Virginia experienced a reduction in life 
expectancy for both men and women, although in only two counties was the 
reduction in life expectancy more than one year. From 1 995 to 1 999 the life 
expectancy in Logan County fell by 1.49 years. In Wyoming County life 
expectancy fell by 1 .31 years between 1 992 and 1 999. 

> For women the reduction in life expectancy was far more pronounced. In ten 
West Virginia counties (or groups of counties'*) life expectancy for women was 
reduced by at least one year. In three counties the reduction was more than 
two years. In Logan County life expectancy for women dropped by more than 
2 Va years from 1 989 to 1 999. In Boone County life expectancy fell by almost 
2 ’A years between 1992 and 1999. In Taylor/Barbour counties life 
expectancy for women fell by 2 'A years between 1 988 and 1 999. 

> Other counties that experienced at least a one year drop in life expectancy for 
women include: McDowell County with a 1 .97 years decline between 1 993 
and 1 999; Lincoln County fell by 1 .95 years between 1 983 and 1 999; 
Wyoming County declined 1.88 years between 1989 and 1999; Gilmer/Lewis 
counties with a 1 '/a years decrease between 1983 and 1999; Clay/Nicholas 
Counties dropped by 1 .1 8 years between 1 984 and 1 999; and 
Pocahontas/BraxtonAA/ebster counties had a decrease of 1 .05 years between 
1982 and 1999. 

Limitation of the Report: The major limitation of this report is that there is no life 
expectancy data from 1 999 to 20ok It is impossible to determine what has 
occurred in the intervening 9 years. The West Virginia Vital Statistics has data 
from 1 999 through 2006 on average age at death by counties. While this data is 
not the same as life expectancy, it can be used as a proxy for life expectancy for 
the missing data between 1999 and 2008. As the chart below demonstrates the 
average age of death declined in each of the selected southern West Virginia 
counties. This is particularly true for both Boone and Wyoming counties which 
experienced a 3.1 years decline in the average age of death between 1999 and 
2006, the last year these statistics are available. Lincoln County had more than a 
2 Vi years decline in the average age of death during the 9-year interval. 

This data is not reported by gender, so it is impossible to tell if women continued 
to experience greater reduction in their life span as was reported by the Harvard 
researchers. 


“ The Harvard researchers decided that in order “to avoid unstable death rates, smaller counties 
were merged with adjacent counties to form units with a total population of at least 1 0,000 males 
and 10,000 females in 1990." Ibid, at page 0002. 
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Average Age of Death Selected Counties 
Between 1999 and 2005^ 


Difference 
Befween 
2006 and 



1999 

2000 

2002 

2003 

2004 

2005 

2006 

1999 

Boone 

71.2 

71.8 

70.0 

70.2 

68.9 

70.2 

68.1 

-3.1 

Fayette 

72.9 

73.3 

72.7 

72.7 

73.1 

72.2 

72.5 

-0.4 

Lincoln 

72.7 

67.7 

69.5 

68.4 

67.8 

68.5 

70.1 

-2.6 

Logan 

68.9 

69.9 

70.1 

70.6 

69.6 

68.6 

68.4 

-0.5 

McDowell 

69.1 

71.7 

67.1 

69.4 

68.1 

68.2 

67.3 

-1.8 

Mingo 

68.8 

69.3 

68.0 

70.2 

68.3 

67.5 

67.7 

-1.1 

Wyoming 

70.2 

68.1 

70.4 

67.1 

67.7 

67.9 

67.1 

-3.1 


Policy Implications: 

The first step is to ensure that the data used to draw these conclusions is 
correct. WVAHC is requesting that the WVU Health Policy Research Institute 
review the data for its validity from start to the conclusions reached in this report. 
For example, was the raw data used by the Harvard researchers accurate? Is 
there something in the way that data is reported by West Virginia to the National 
Center for Health Statistics or sampling errors by the US Census Bureau that 
would result in data that underestimates the life expectancy of West Virginians, 
particularly southern West Virginians? Second, although highly unlikely, is there 
a flaw in the methodology used by the Harvard researchers? And finally, were 
there errors by WVAHC in interpreting the data? In short, is the basic data that 
decisions makers need to make decisions correct? 

We should take our time to carefully verify the data, because if this data is 
accurate, it requires that we -- the Governor, the Legislature, local communities 
including schools and health care providers, and all West Virginians -- take 
immediate and meaningful action to reverse the unacceptably short lives that 
West Virginians are apparently experiencing. 

Assuming that the data is accurate, WVAHC is making a series of 
proposals to decision makers in order to address the shorter life expectancy of 
West Virginians. 

> While efforts should be directed statewide, efforts within southern West 
Virginia where life expectancy is the shortest should have the highest 
priority. The “focus area” is defined as Boone, Fayette, Lincoln, Logan, 
McDowell, Mingo and Wyoming counties. 


* West Virginia 2006 Vital Statistics, West Virginia Department of Health and Human Resources, 
Available at httD://www.wvdhhr.ora/bDh/oehp/hsc/pubs/vltal06/index.htm#death . Accessed 
September 2, 2008. 


4 



456 


> Study 

One of the first questions most people ask when presented this data is: 
Why? WVAHC will try to work with Bluefield State College to see if a 
longitudinal study can be performed to determine the reason for short life 
expectancy in southern West Virginia, particularly among women. 

Public Health Initiative 

> The short life expectancy for southern West Virginians is first and foremost 
a public health issue. Investment in public health can reduce preventable 
disease by 10 percent according to a 2007 Marshall University report.® 

This report also found that for every dollar invested in public health, West 
Virginia would reap a $1 .69 return on investment. 

Local county health departments do not have the staffing or resources 
necessary to conduct the extensive public health initiatives necessary to 
respond to this crisis. WVAHC is recommending that a regional Health 
Department be established for the focus area. The regional Health 
Department would be charged with determining the underlying causes of 
the low life expectancy in the focus area and developing initiatives to 
combat these causes. In addition, the regional Health Department must be 
provided the resources necessary to implement these initiatives. Several 
initiatives should begin immediately. They would include: 

Tobacco Usage: 

> The Bureau of Public Health within the Department of Health and Human 
Resources (DHHR) should conduct aggressive smoking prevention and 
cessation programs within the target area. The Health Departments in 
each of the target counties should adopt comprehensive indoor smoking 
ordinances by January 2009. The West Virginia Legislature should 
consider raising tobacco taxes to the national average during the 2009 
Legislative session, with the proceeds directed to tobacco cessation 
programs and other health promotion programs.^ 

Obesity: 


^ C. Kent, P. Rutsohn, K, Soward, A. Chandra, “People at Risk: The Financial Crisis in West 
Virginia Public Health,” Marshall University Center for Business and Economic Research 
(November 2007) Huntington, West Virginia. 

' The Center for Disease Control and Prevention has issued the Guide to Community Preventive 
Services which systematically reviews the effectiveness of interventions to reduce or prevent 
tobacco use. They focused on three areas: stop kids from beginning; increase cessation; and 
reduce exposure to second hand smoke. Details of their recommendations can be found at 
http://www.thecommunitvauide.ora/tobacco/detault.htm . 


5 



457 


> The state Superintendent of Schools should work with each county board 
of education within the focus area to ensure that no soft drinks are sold 
within the school day in any school within the target area by January 
2009®. Additionally, the state Superintendent of Schools should ensure 
that every student within the target area is receiving the physical activity 
required by state Board policy, and take steps to restore elementary 
physical education teachers to schools in the focus area. 

> The Secretary of Transportation should conduct an inventory of the county 
seats and other major municipalities within the focus area to determine 
whether these municipalities are walkable and bikeable, and make specific 
recommendations about how these southern West Virginia communities 
can promote pedestrian and bicycle usage. While this will be difficult given 
the steep hills and narrow valleys in the focus area, we need to make 
physical activity a normal part of life in southern West Virginia. 

> The County Commissions in the target area shall fund recreational sites 
that promote physical activity with an emphasis on encouraging children to 
exercise. 

Nutrition: 

> The legislature should consider providing a tax incentive to grocery stores 
that provide fresh fruits and vegetables. 

> The WVU Extension Service, in conjunction with the West Virginia 
Department of Agriculture and the faith-based community, should promote 
family and community vegetable gardens in the focus area. Additionally, 
the state Department of Agriculture and the Governor's Office of Economic 
Opportunity should establish farmers markets in the focus area. 

During the 2009 legislative session, the legislature should consider adoption 

of menu labeling requirements for all franchise restaurants in West Virginia. 

The menu labeling would require restaurants to make readily available to 

customers the calories and nutritional content of foods being sold in the 

restaurants. 

Water and Sewage: 

> The Governor’s Office of Economic and Community Development should 
conduct an inventory of drinking water supplies and sewage treatment 


® In 2007 the Institute of Medicine issued a report calling for the elimination of soft drinks in 
schools during the school day. They recommended that water, 100 percent juices and low and 
non-fat milk be sold in schools during the school day. The Executive Summary of the Institute of 
Medicine’s report can be found at 

http://www.iom.edu/Obiect.File/Master/42/505/Food%20in%20Schools.pdf . 
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facilities in the focus area and prioritize areas in the greatest need of safe 
drinking water and sewage treatment facilities. 

Early Childhood Education: 

> The State Board of Education, in conjunction with Head start and private 
child care centers and the Department of Health and Human Resources, 
shall submit a comprehensive plan for early childhood education that 
provides for universal pre-school for every child in the target area by 
school year 2009-2010. Additionally, the State Board of education should 
promote school-based health clinics for schools throughout the focus area. 

Medical Homes: 

> The West Virginia Health Improvement Institute should target the focus 
area for establishment of pilot medical homes. Practice groups in the 
target area will be encouraged to apply for medical home accreditation 
through the Institute. 

Technology: 

> The West Virginia Health Information Network should provide grants and 
technical assistance in order to ensure that every physician and hospital in 
the focus area has access to an interoperable electronic health record by 
January 2010. Additionally, the West Virginia Telemedicine Network 
should cooperate with hospitals and physicians in the focus area to ensure 
access to telemedicine. 

Domestic Violence 

> The Department of Health and Human Resources shall provide greater 
technical and financial resources to the focus area in order to reduce the 
level of domestic violence and provide safe alternatives to victims of 
domestic violence. 

The proposals outlined in this report will take a significant investment of 

resources. However, we owe the citizens of southern West Virginia a 

concentrated effort to improve their health status and ensure that they have 

life expectancy equal to the rest of the United States. 
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Appendix A 

Counties in the United States with the 
Lowest One Percent of Life Expectancy 


National 


Ranking 

State 

County 

Majority Ethnicity 

1 

SOUTH DAKOTA 

JACKSON 

51% American Indian 

2 

SOUTH DAKOTA 

WASHABAUGH 

Unknown 

3 

SOUTH DAKOTA 

TODD 

81% American Indian 

4 

SOUTH DAKOTA 

SHANNON 

87% American Indian 

5 

SOUTH DAKOTA 

BENNETT 

55% American Indian 

6 

SOUTH DAKOTA 

MELLETTE 

54% American Indian 

7 

MARYLAND 

BALTIMORE CITY 

65% African American 

8 

SOUTH CAROLINA 

MARLBORO 

52% African American 

9 

VIRGINIA 

PETERSBURG 

78% African American 

10 

ARKANSAS 

PHILLIPS 

61% African American 

11 

MISSISSIPPI 

COAHOMA 

73% African American 

12 

FLORIDA 

UNION 

74% European American 

13 

FLORIDA 

BAKER 

85% European American 

14 

WEST VIRGINIA 

MCDOWELL 

88% European American 

15 

MISSOURI 

ST. LOUIS CITY 

51% African American 

16 

MISSOURI 

PEMISCOT 

73% European American 

17 

ARKANSAS 

CRITTENDEN 

50% EA / 49% AA 

18 

MISSISSIPPI 

SUNFLOWER 

72% African American 

19 

VIRGINIA 

RICHMOND CITY 

55% African American 

20 

MISSISSIPPI 

WASHINGTON 

67% African American 

21 

WEST VIRGINIA 

LOGAN 

96% European American 

22 

MISSISSIPPI 

TALLAHATCHIE 

60% African American 

23 

MISSISSIPPI 

TUNICA 

72% African American 

24 

MISSISSIPPI 

QUITMAN 

69% African American 

25 

NORTH CAROLINA 

MARTIN 

54% European American 

26 

SOUTH CAROLINA 

MARION 

55% African American 

27 

WEST VIRGINIA 

MINGO 

96% European American 

28 

NORTH CAROLINA 

ROBESON 

38% Al/ 36% EA/ 25% AA 

29 

MISSISSIPPI 

BOLIVAR 

65% African American 

30 

ARKANSAS 

MISSISSIPPI 

64% European American 

31 

LOUISIANA 

WASHINGTON 

67% European American 


West Virginia counties in bold and urban cities are in italic. 

SUMMARY: 

5 counties have a majority American Indian population and one has a plurality of 
American Indians. 

14 counties have majority African American population. 

10 counties have majority European American population. 
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Only four counties (italicized) appear to be in urban areas. 27 counties appear to 
be in rural counties. 


Appendix B 


West Virginia Rankings of Life 
Expectancy Among the 3,141 
Counties within the United States for 
Both Men and Women 


County 

National 

Ranking 

Years 

McDowell 

14 

70.4 

Logan 

21 

71.2 

Mingo 

27 

71.4 

Lincoln 

100 

72.6 

Wyoming 

145 

72.8 

Boone 

224 

73.3 

Fayette 

319 

73.6 

Mercer 

477 

74.2 

Mason 

543 

74.4 

Clay 

559 

74.4 

Nicholas 

560 

74.4 

Cabell 

582 

74.5 

Gilmer 

589 

74,5 

Lewis 

590 

74.5 

Kanawha 

690 

74,8 

Raleigh 

704 

74.8 

Harrison 

726 

74.8 

Taylor 

780 

74.9 

Barbour 

781 

74.9 

Pleasants 

853 

75.1 

Ritchie 

854 

75.1 

Doddridge 

855 

75.1 

Mineral 

861 

75.1 

Berkeley 

862 

75.1 

Morgan 

863 

75,1 

Monroe 

922 

75,3 

Summers 

923 

75.3 

Wirt 

924 

75.3 

Calhoun 

925 

75.3 

Roane 

926 

75.3 

Pocahontas 

959 

75.3 

Braxton 

960 

75.3 

Webster 

961 

75.3 

Wayne 

980 

75.4 

Wetzel 

987 

75.4 

Tyler 

988 

75.4 

Randolph 

990 

75.4 
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Ohio 

1033 

75.5 

Greenbrier 

1034 

75.5 

Preston 

1052 

75.5 

Jefferson 

1053 

75.5 

Brooke 

1137 

75.7 

Upshur 

1214 

75.8 

Wood 

1279 

76.0 

Hampshire 

1291 

76.0 

Hardy 

1292 

76.0 

Jackson 

1356 

76.1 

Putnam 

1366 

76.2 

Hancock 

1406 

76.2 

Marion 

1430 

76.3 

Marshall 

1437 

76.3 

National Median 

76.5 

Pendleton 

1853 

76.9 

Grant 

1854 

76.9 

Tucker 

1855 

76.9 

Monongalia 

2024 

77.2 

Best in the Country 

81.3 


Appendix C 

West Virginia Ranking Among the 
3,141 Counties within the United 
States for Women’s Life Expectancy 


County 

National Life 

Ranking Expectancy 

McDowell 

10 

73.5 

Mingo 

15 

74.3 

Logan 

16 

74.4 

Lincoln 

53 

75.6 

Wyoming 

58 

75.7 

Boone 

107 

76.0 

Fayette 

265 

76.8 

Taylor 

324 

77.0 

Barbour 

325 

77.0 

Gilmer 

384 

77.2 

Lewis 

385 

77.2 

Mason 

418 

77.2 

Clay 

463 

77.4 

Nicholas 

464 

77.4 

Cabell 

488 

77.4 

Pocahontas 

501 

77.4 

Braxton 

502 

77.4 

Webster 

503 

77.4 

Mercer 

511 

77.5 

Harrison 

523 

77.5 

Kanawha 

567 

77.6 
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Appendix D 

Rankings of Behavior Risk Factors and Heaith Conditions within West 
Virginia for Counties in the Focus Area® 


County 

Fair or 
Poor 
Health 

No Health 
Insurance 

Obesity 

Cigarette 

Smoking 

Diabetes 

Hyper- 

tension 

High 

Cholesterol 

Boone and 
Lincoln 

5 

10 

2 

5 

5 

4 

4 

Fayette 

9 

11 

6 

12 

18 

26 

30 

Loqan 

4 

5 

1 

11 

10 

3 

3 

McDowell 

1 

1 

8 

6 

1 

2 

1 

Minqo 

2 

2 

3 

2 

4 

1 

19 

Wyoming 

3 

7 

18 

1 

23 

6 

7 


Note: The West Virginia Health Statistics Center groups 31 counties into 12 
groups “in order to obtain adequate sample size for analysis.” The best ranking 
for the state is 36 -- not 55, since these counties are grouped together. 


^ Source: 2004 - 2005 West Virginia Behavioral Risk Factor Survey Report, West Virginia 
Department of Health and Human Resources, May 2007. Available at 

http://www.wvdhhr.QrQ/'bDh/Qeho/hsc/pubs/BRFSS2004and2005/detault.htm. Accessed July 31 . 
2008. 
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Putnam 

587 

77.7 

Jefferson 

608 

77.7 

Randolph 

612 

77.7 

Preston 

628 

77.8 

Mineral 

705 

77.9 

Raleigh 

724 

77.9 

Pleasants 

745 

78.0 

Ritchie 

746 

78.0 

Doddridge 

747 

78.0 

Greenbrier 

768 

78.0 

Ohio 

772 

78.0 

Jackson 

897 

78.2 

Wood 

941 

78.3 

Wirt 

960 

78.4 

Calhoun 

961 

78.4 

Roane 

962 

78.4 

Brooke 

974 

78.4 

Wayne 

1119 

78.6 

Monroe 

1122 

78.6 

Summers 

1123 

78.6 

Berkeley 

1144 

78.7 

Morgan 

1145 

78.7 

Marshall 

1274 

78.9 

Upshur 

1336 

79.0 

Marion 

1337 

79.0 

Hancock 

1377 

79.0 

Hampshire 

1388 

79.1 

Hardy 

1389 

79.1 

Wetzel 

1445 

79.1 

Tyler 

1446 

79.1 

Monongalia 

1561 

79.3 

Pendleton 

1655 

79.5 

Grant 

1656 

79.5 

T ucker 

1657 

79.5 

National Average 


79.6 

Best in the Country 


84,5 
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SENATE COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
SUBCOMMITTEE ON WATER AND WILDLIFE 
"THE IMPACTS OF MOUNTAINTOP REMOVAL COAL MINING ON WATER 
QUALITY IN APPALACHIA" 

THURSDAY, JUNE 25, 2009 

Written Statement of the National Mining Association 

Mountaintop Mining in the United States 

Mountaintop mining (MTM) is a surface mining method confined to areas with 
relatively steep terrain and multiple coal seams that are located near the land 
surface. Typically, MTM operations are in Appalachia. MTM operations are 
important to the states and local communities where they exist and to the nation as 
a whole. Depending on the state, mountaintop operations mine 38-66 percent of 
the coal produced in West Virginia, Kentucky, Tennessee, Virginia and parts of 
Ohio, and the value of those shipments exceeds $5 billion. Nationwide, these 
operations contribute 10-11 percent of U.S. coal production— sufficient to provide 
electricity for 77 million households. 

MTM is the safest and most efficient method for mining coal near the surface in 
steep terrain. The earth and rock overlaying the coal seams are shot (blasted) and 
removed to expose coal seams for recovery. The excess soil (overburden) is either 
returned to its original location or, where slope instability prohibits safe 
replacement of overburden on the top of the mined site, placed in designed fill 
areas. The mine site. Including fills, is restored through reclamation in accordance 
with permit requirements. 

After the coal is removed, the entire site is restored through mine land reclamation 
as required in permit specifications. In accordance with landowner needs (many 
sites are leased) and in consultation with community and state environmental 
and/or economic development officials, MTM sites are restored for other beneficial 
uses. These uses can include forest land and wildlife habitat or much needed 
commercial development that can take advantage of a more level landscape that is 
more affordably created after MTM ceases. 

Mountaintop mining was specifically authorized by Congress when it enacted the 
Surface Mining Control and Reclamation Act (SMCRA) in 1977. Section 515(c) 
provides an exception for restoring the site's approximate original contour under 
certain conditions, and Section515 (b)(22) allows excess rock and dirt to be placed 
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Page Two 


in streams (valley fills) so long as lateral drains and under drains are constructed to 
avoid water filtration through the fill material. All mining operations must obtain 
permits and comply with regulations of the Clean Water Act (CWA) to avoid 
degradation of streams. Operations also must comply with state water quality 
standards. Under Section 404 of the CWA, the Army Corps of Engineers issues 
permits for the discharge of dredged or fill material into "navigable waters" 
provided effects on the aquatic ecosystem as a whole are acceptable. A complete 
mitigation plan is required, and there is opportunity for public review and comment 
in the case of individual permit authorizations. 

Recent Attacks on Surface Coal Mining are Not Limited to MTM 

Proposals from Congress and the administration that effectively ban surface mining 
under the guise of protecting the environment are short-sighted and ill-informed. 
First, proponents of such legislation suggest the intent is limited to stopping MTM 
practices and not meant to put the coal industry out of business. Second, these 
proposals cite no valid environmental reason for adopting such a drastic approach. 

Prior to passage of the Surface Mining Control and Reclamation Act (SMCRA) in 
1977 many historic mining practices left a legacy of water quality problems, 
unreclaimed high walls and mine scarred lands. This is no longer allowed, and a 
modern mining industry has evolved in its place. Today's high-tech, high paying, 
highly regulated mining industry can make a significant contribution to rebuilding 
the nation's economy as well as restoring the environment. 

Mining's Untoid Story 

Over the past thirty years, environmental regulation of coal mining has evolved and 
improved. With the exception of Tennessee, which operates under the federal 
SMCRA, each coal mining state implements and enforces its own state program that 
must be at least as stringent as the federal program. Similarly, most of the states 
that authorize coal mining projects do so under their own state run water quality 
programs. This is consistent with Congress' intent that decisions about coal mining 
projects should be locally made allowing for public Input where these projects are 
located and pursuant to a strong federal program. 

Both federal and state regulation and enforcement of mining has become 
increasingly stringent. For example, a rough survey of the mining programs shows 
that since 1998, a number of more stringent environmental protection requirements 
for surface coal mining operations within the Eastern coal mining states have been 
put into place. In addition, the federal regulatory agencies, the Corps, 
Environmental Protection Agency (EPA) and the Office of Surface Mining (OSM) 
have revised regulations, making them increasingly stringent over this same time 
period. The following provides a summary of those requirements that have been 
included in surface coal regulatory programs over the last ten years. 
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State Actions 

• Presumption that any mining operation that proposes to discharge fill in waters 
of the United States draining a watershed of 250 acres or more would have 
more than minimal adverse effects and shall require an individual Clean Water 
Act section 404 permit- West Virginia only. 

• In West Virginia, all individual section 404 permits are subject to an inter- 
agency process governed by a Memorandum of Understanding (MOU) between 
EPA, the Corps, OSM, Fish and Wildlife Service (FWS) and the West Virginia 
Department of Environmental Protection (WVDEP). The goal is to coordinate 
review and issuance or denial of the CWA section 404 permit issued by the 
Corps, a CWA section 401 certification issued by WVDEP, a CWA section 402 
(NPDES) permit by WVDEP, and a surface mining and reclamation permit issued 
by WVDEP. Other states have adopted similar coordinated procedures. 

• Ensures location of ponds are as close as practicable to the toes of fills. 

• Requires a separate hydrologic reclamation plan that addresses requirements 
found in state regulations and a new hydrologic reclamation policy document. 

• New regulations pertaining to variance requirements for restoration to 
approximate original contour. 

• Revisions to contemporaneous reclamation regulations to make reclamation 
more contemporaneous with mining. 

• Approximate Original Contour definition revised for the purpose of optimizing 
spoil placement for valley fills -Approximate Original Contour (AOC) Plus policy 
- EPA approved. 

• New regulations on post mine land uses, homesteading and bond release. 

Federal Actions: 

• Preparation of agency-wide Environmental Impact Statement (EIS) 
evaluating MTM practices and regulation. 

• Department of the Interior (DOI) EIS accompanying promulgation of Stream 
Buffer Zone rule. 

• EPA and Corps joint mitigation rule - Increases mitigation and monitoring 
requirements, discretion to require conservation easements, bonds, etc., for 
ensuring mitigation success, mitigation requirements become enforceable 
terms and conditions of the 404 permit. 

• NWP 21 Requirements - Requires written approval by Corps before going 
forward with projects, increases mitigation and success monitoring 
requirements. 

• Stream Buffer Zone Requirements - Requires spoil and fill minimization, 
ensures spoil placement alternatives are analyzed, analysis of impacts on 
perennial and intermittent streams. 
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Current Water Quality Concerns Are Unverified 

Overburden from mining operations is often deposited in valleys that typically 
contain ephemeral or intermittent stream systems. To control potential excess 
sedimentation, sediment ponds are often constructed downstream of the 
overburden fills. Some argue that the valley fill is detrimental to the stream 
ecosystem. In fact, the administration's announcement early this year that the EPA 
would re-review hundreds of mining permits that have been pending for up to two 
years, and its subsequent announcement that it would suspend the use of the coal 
mining general permit is driven by one study done by EPA scientists, Gregory Pond 
and Margaret Passmore, Pond et al. (2008) (Pond/Passmore Study). A critique of 
that study and its findings is attached to this statement and draws considerable 
question as to the soundness of the study approach and conclusions. In sum, 
several outside experts have concluded that there are a number of other factors 
that could account for the "impairment" reported in Pond/Passmore. Yet, without 
any public review or debate, and based on the findings of one study, EPA and the 
administration have interrupted the issuance of coal mining permits, creating an 
enhanced review process that takes coal permit decisions out of the hands of both 
the Corps and the states, where Congress and, just this week, the Supreme Court 
said the primary authority resides. See Coeur Alaska, Inc, v. Southeast Alaska 
Conservation Council et al. 

A survey of the state mining programs shows that much can be done with the 
states in the lead to enlist the modern mining industry in accomplishing the state 
environmental goals. In Virginia, for example, the Division of Mined Land 
Reclamation (DMLR) encourages industry to use Abandoned Mine Land (AML) no- 
cost agreements to reclaim abandoned mine land. No-cost agreements allow 
mining companies to use excess spoil from permitted mining operations to 
eliminate abandoned mine highwalls that normally would not be reclaimed. In 
addition to reclaiming abandoned mine land highwalls, the practice also minimizes 
the development of new valley and hollow fills and reduces impacts to coalfield 
streams. In addition, Virginia DMLR finds opportunities for providing offset credits 
in the Total Maximum Daily Load (TMDL) allocation context for removal and 
reclamation of AML refuse piles and reduction of perpetual sediment loads in TMDL 
watersheds. Without a modern mining industry in these coal mining states, these 
water quality improvements either would not be accomplished or would be left for 
the state to complete within already constrained budgets. 

Many of the Eastern coal states have addressed water quality problems through 
permitting coal industry projects for the purpose of re-mining and reclamation of 
historic sites. In so doing, the environmental and water quality problems are 
addressed, and the site is reclaimed under modern mining laws resulting in an 
efficient way to restore the state's watersheds and eliminate perpetual water 
quality problems that would continue to burden the states. Remining operations 
provide income through coal production, create jobs and environmental 
enhancements. 
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The Environmental Protection Agency recognized in 2002, when promulgating 
amendments to the remining effluent guidelines, that one of the most successful 
means for improvement of abandoned mine land is for coal mining companies to 
remine abandoned areas and extract the coal reserves that remain. See 67 Fed. 
Reg. at 3375 (Jan. 23, 2002). EPA also recognized that if abandoned mine lands 
are ignored during mining of adjacent areas, a time-critical opportunity for 
reclaiming the abandoned mine land is lost. "Once coal mining operations have 
ceased on the adjacent areas, there is little incentive for operators to return." Id 
Legislation and administrative policies that would eliminate or transfer the coal 
mining industry away from these states overlooks the value states place on the 
partnerships created between them and coal companies to improve the quality of 
the environment in the states where they are located. 

Post-Mined Land Promotes Economic Diversity and Tourism 

Reclaimed mine sites provide opportunities for economic development in mining 
communities. Particularly in steep sloped areas, mining companies partner with the 
local community to incorporate post-mining land uses into future redevelopment 
plans. In this way, much needed public infrastructure such as schools, roads, 
highways, airports, and recreational facilities are built and new businesses and 
industries are attracted where they would not otherwise find lands suitable for such 
development. See Testimony of Mike Whitt, Executive Director Mingo County 
Redevelopment Authority, Williamson, West Virginia, attached. 

Some have argued that prohibitions on mining will benefit state economies by 
opening them for increased tourist-related commerce. This claim is unsupported. 

In fact, studies show that in those areas of the coal region where tourist activities 
are present, mining and tourism seem to coexist with little difficulty and in the 
remainder of the region there is little or nothing to attract tourists. See Joint 
Statement of Mark L. Burton and Michael J. Hicks, Center for Business and 
Economic Research Marshall University, June 6, 2002. 

Congress and the Administration Should Support Coal Mining Jobs 

More than 90 percent of the coal mined in the U.S. is used to generate electricity. 
Coal is the nation's most abundant and affordable domestic energy resource. 

There are more than 14,000 surface coal miners in Appalachia, and for every 
mining job an additional 3.5 jobs are created through the economic activity 
generated by mining for a total of more than 60,000 jobs. The average mining 
wage is more than $66, 000/year, excluding overtime— 57 percent higher than the 
average for industrial jobs. 


For additional information, see httD://www.nma.ora/Ddf/fact sheets/mtm.pdf . 


Nattona! Mining Associatson 
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Technical Memorandum 

Identification of Issues in Regard to the “Pond et al. Study” on Effects of 
Mountaintop Mining and Valley Fill on Benthic Invertebrate Communities 


1.0 Background 

Mountaintop mining and valley fill is a mining technique used presently and historically in coal mining 
in the central Appalachian region of the eastern United States. Excess overburden from the mining 
operations is deposited in valleys which usually contain ephemeral or intermittent stream systems. 

To control potential excess sedimentation, sediment ponds are often constructed downstream of the 
overburden fills. Pond et al. (2008) (Pond/Passmore Study) indicated that mountaintop mining with 
valley fill techniques are detrimental to the stream ecosystems, as measured with bioassessment of 
benthic invertebrate communities. This technical memorandum identifies several areas of concern 
that should be further investigated in order to validate or qualify the findings of the Pond/Passmore 
Study. 

2.0 Issues Raised by the Study 

2.1 Multimetric Indices Used 

The Pond/Passmore Study was intended to contrast two multimetric invertebrate indexes that have 
been developed for use in West Virginia. The first is the WVSCI, a family-level index developed 
several years ago, which according to the original publication apparently did a good job of 
discriminating between reference and impacted streams (Tetra Tech 2000). The other is GLIMPSS, 
a draft, unpublished genus-level index recently developed by several scientists who are also co- 
authors of the Pond/Passmore Study (Pond et al. unpublished draft report). The Pond/Passmore 
Study concluded that the WVSCI underestimated impairment to West Virginia streams and concluded 
that the GLIMPSS index did a superior job of discriminating between reference and impacted 
streams. 

2.2 Conductivity as the Controlling Factor? 

The Pond/Passmore Study relied heavily on conductivity measures to corroborate their findings of 
“stream impairment" using the GLIMPSS index. Conductivity is often used as a surrogate measure of 
other, often complex, water chemistry parameters, and is influenced by numerous organic and 
inorganic compounds. 

The surrogate use of conductivity measurements in the Pond/Passmore Study is possibly 
inappropriate. For example, Armstead (2006) cited several cases of high invertebrate metric scores 
(WVSCI) even with high conductivity, as well as high invertebrate metric scores in the presence of 
variable conductivity. These case studies included streams within the West Virginia coal mining belt. 
Because conductivity is only a surrogate for other water chemistry variables, findings associated with 
conductivity should be investigated further to determine which specific compounds may be 
responsible for changes in conductivity, as it may not be possible to identify which compounds those 
are - or if the specific compounds vary with location. Furthermore, the arbitrary division of low (<500 
pS/cm), medium (500 - 1000 pS/cm), and high (>1000 pS/cm) conductivity in the Pond/Passmore 
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study should also be investigated to determine if these cutoff values represent streams that are 
actually behaving similarly within the individual groupings. 

2.3 Other Possible Reasons for Patterns Observed 

There are a number of confounding factors related to valley fill conditions and the patterns observed 
by Pond/Passmore that may be unrelated to conductivity. For example, the relations between the 
settling ponds associated with valley fill and resultant stream chemistry, water quality, food quality, 
and invertebrate community composition could be an important causal agent for the changes In 
invertebrate community structure. On p. 718 (2"'* full paragraph). Pond et al. (2008) stated that there 
are sediment control structures and ponds associated with mountaintop mining and valley fill and 
indicate that fine sediments may still bypass those controls. However, they did not state if sediment 
control structures were in place for all or part of the mining sites used in their analysis. 

In fact, the presence of sediment ponds (and not any “elevated conductivity” below the valley fill itself) 
may be, in part, responsible for any observed changes in invertebrate community composition 
downstream of those ponds. 

2. 3. 1 Hydrologic Modification ? 

Armstead (2006) suggested that the valley fill and the sediment control ponds may retain water and 
release it more slowly to the stream channels than normal surface flows. This may result in the 
streams behaving more like a perennial spring system than an intermittentiephemeral stream system 
- i.e., systems with more constant flows for longer time periods (including year-round). Water 
chemistry and even biological communities in such perennial “spring-like” systems are often vastly 
different from those of intermittent/ephemeral and even more variable downstream systems (Williams 
1987). 

This aspect of the stream hydrologic change should be investigated for these study streams, perhaps 
by comparing a range of stream conditions similar to those found in the Pond/Passmore Study 
streams to natural spring systems. This comparison could evaluate the potential influence that 
conversion of the ephemeral/intermittent stream system to a perennial spring-type system might have 
to alter the community composition in the streams. 

2.3.2 Changes in Food Resources? 

Armstead (2006) cited several publications regarding increases in the “collector" functional feeding 
groups (especially filter feeding hydropsychid caddisflies) below impoundments. Past research 
indicated shifts in community structure within the hydropsychid community downstream of 
impoundments, suggesting that changes to the entire community might not be unexpected. It is 
possible that food resources discharged from the surface release of the settling ponds are rich in 
components fed on by hydropsychid caddisflies and other filter-feeding organisms, increasing their 
densities and competitively displacing other organisms, such as mayflies (which tend to be scrapers 
and collector-gatherers). This shift in community composition may be a natural occurrence below 
impoundments (and is observed below lakes) and deserves further investigation. 

2.4 Trophic Function Maintained? 

Although taxonomic changes in the community are evident, a more detailed examination of the 
results of the Pond/Passmore Study demonstrate that the functional structure of the community (both 
in terms of functional feeding groups and invertebrate “habits" - which are both used in development 
of multimetric indices) are actually relatively similar between mined and unmined streams. This 
suggests that the overall function of the benthic invertebrate communities remained relatively 
unchanged even though the taxonomic composition did change (Tables 1 and 2). 
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Table 1: Proportional abundance of functional feeding groups in the Pond/Passmore Study. 


Functional 

Feeding Group 

Unmined Sites 

Low Mining 
Activity 

Moderate Mining 
Activity 

High Mining 
Activity 

Gather-collector 

29% 

23% 

24% 

24% 

Scraper 

14% 

17% 

4% 

8% 

Filter-collector 

12% 

20% 

24% 

24% 

Predator 

21% 

26% 

20% 

28% 

Shredder 

21% 

14% 

28% 

12% 

Piercer 

2% 

0% 

0% 

4% 


Table 2: Proportional abundance of habit groups in the Pond/Passmore Study. 


Habit Group 

Unmined Sites 

Low Mining 
Activity 

Moderate Mining 
Activity 

High Mining 
Activity 

Swimmer 

14% 

17% 

16% 

12% 

Ctinger 

62% 

71% 

68% 

80% 

Burrower 

5% 

0% 

0% 

0% 

Sprawler 

17% 

11% 

16% 

8% 

Climber 

2% 

0% 

0% 

0% 


2.5 Basis for GLIMPSS Index? 

The Pond/Passmore Study also relied heavily on the results from the recently developed and still 
unpublished GLIMPSS multi-metric invertebrate index. The Pond/Passmore Study indicated that the 
GLIMPSS index “performed better” than the previously established WVSCI index. Hovt/ever, there 
are several aspects of the development and use of the GLIMPSS index that should be investigated 
further. 

Hundreds of metrics are available for use in developing a multimetric index (this fact is admitted in the 
GLIMPSS document), but development of the GLIMPSS index started with only 36 metrics, which 
was reduced to 9 metrics for the final index. The choice of metrics was based on the following: 1) 
sufficient metrics were chosen to span the metric categories of richness, composition, tolerance, and 
function; 2) some metrics had been used in the WVSCI and other national and regional biomonitoring 
programs; and 3) some metrics were excluded for biological reasons (e.g., Odonata metrics were not 
included because odonates are usually rare in riffle habitat - although we note they are present in 
most of the sites in the Pond/Passmore study). These are generally appropriate reasons for including 
or excluding some metrics from analysis. However, given the computing power available today, the 
original 36 metrics remains a small, somewhat arbitrary list of metrics to use as the initial list for 
development of a comprehensive, general-purpose, regional multimetric index. Furthermore, the 
initial list especially appeared to be lacking in diverse habit metrics (using dingers only) and few 
tolerance value-based metrics (using “sensitive” taxa with tolerance values <3 or <4 only). Exclusion 
of the other available metrics that would identify tolerant taxa could have resulted in an overemphasis 
in the GLIMPSS development on the intolerant taxa and. thus, an overestimation of “impairment”. 

The EPT Orders were separated for individual analysis instead of applying the commonly used EPT 
index (in which they are summed), due to the apparent a priori bias of the authors regarding the 
potential influence of "tolerant" hydropsychid taxa on the EPT index (p. 728). This may have resulted 
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in the elimination of Trichoptera metrics from the final index and perhaps caused an overemphasis on 
Ephemeroptera metrics. 

The draft GLIMPSS document stated the criteria used to identify sites as attaining reference (“least 
disturbed") site condition, particularly emphasizing water quality parameters, habitat parameters, and 
lack of any evidence of anthropogenic disturbance. There was no identification of discrimination 
within potential disturbances to the “stressed” sites used in development and calibration of the 
GLIMPSS index. This leads to the natural dichotomy of "least disturbed" or "stressed", with no middle 
category wherein there may be influences on the metrics, but they are insufficient to cause significant 
changes to the community structure and function. 

The development of a general-use multimetric index, such as GLIMPSS is purported to be, requires 
that the “stressed” sites be representative of the spectrum of anthropogenic influences. However, if 
one particular anthropogenic influence Is heavily represented in the development of the multimetric 
index, then that index will necessarily be useful primarily for the identification of that particular 
anthropogenic influence. Figure 3 of the GLIMPSS document shows that a large portion of the sites 
used for both metric development and validation of the Central Appalachian Region index metrics 
were located in the Coal and Guyandotte watersheds, where many of the sites in the Pond/Passmore 
Study were also located. This would suggest that it is possible that many of the “stressed” sites used 
in development and validation of the GLIMPSS index were mine-related sites. Therefore, the 
identification of “impaired” sites by GLIMPSS techniques in the Pond/Passmore Study being related 
to valley-fill mines might be expected, since the index may be Inadvertently geared toward 
identification of mined sites rather than general disturbances. The selection of sites for the 
development and validation of the GLIMPSS index should be investigated to determine if they do 
reflect the spectrum of anthropogenic influences or are overly represented by mined sites. 

The GLIMPSS document indicated (p. 47) that it does not perform well in streams with significant 
limestone geology and associated groundwater discharges (high alkalinity and low temperatures 
leading to low invertebrate diversity). An investigation should be undertaken to determine if the sites 
examined in the Pond/Passmore Study are limestone dominated, a fact which might indicate that 
GLIMPSS was inappropriate for use. 

Additionally, there may be possible changes to the nature of the affected streams as described 
above, in which the streams behave more like a perennial, spring-fed stream than an 
intermittent/ephemeral stream system - an overall stream condition influence that may not be 
accounted for in the GLIMPSS development. 

3.0 Summary 

In summary, while the findings of the Pond/Passmore Study appear on the surface to strongly 
indicate a causal agent of conductivity to "impairment” of invertebrate communities, as related to 
variable valley-fill mine influence, our preliminary review indicates that there are a number of other 
factors which could account for those patterns. It is clear that additional study of these patterns 
should be conducted to determine if conductivity is potentially providing a “false signal" and if, in fact, 
there are other reasons for the observed changes in invertebrate community structure. 
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SENATE COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
SUBCOMMITTEE ON WATER AND WILDLIFE 
"THE IMPACTS OF MOUNTAINTOP REMOVAL COAL MINING ON 

WATER 

QUALITY IN APPALACHIA" 

THURSDAY. JUNE 25. 2009 


MINING COMMUNITY GRASSROOTS COMMUNICATION SUMMARY 


In advance of the June 25 hearing by the subcommittee, the National Mining 
Association (NMA) encouraged its community of online grassroots supporters 
to write their senators and express their support for mountaintop mining 
(MTM) and detail the numerous economic and energy benefits made possible 
by MTM operations. 

A total of 2,090 electronic letters were delivered to 44 Senate offices by 
mining community supporters regarding the importance of MTM operations. 

Below Is a summary showing the number of letters delivered to Senate 
offices, as well as a sample letter sent by a mining community supporter. 

Senate Summary 


Sen. Robert Byrd (D-W.Va.) 431 

Sen. John Rockefeller (D-W.Va.) 431 

Sen. Jim Bunning (R-Ky.) 213 

Sen. Mitch McConnell (R-Ky.) 213 

Sen. Mark Warner (D-Va.) 106 

Sen. Jim Webb (D-Va.) 106 

Sen. Robert Casey (D-Pa.) 81 

Sen. Arlen Specter (D-Pa.) 81 

Sen. Sherrod Brown (D-Ohio) 50 

Sen. George Voinovich (R-Ohio) 50 

Sen. Roland Burris (D-III.) 32 

Sen. Richard Durbin (D-III.) 32 

Sen. Evan Bayh (D-Ind.) 30 

Sen. Richard Lugar (R-Ind.) 30 

Sen. Christopher Bond (R-Mo.) 28 

Sen. Claire McCaskill (D-Mo.) 28 

Sen. Lamar Alexander (R-Tenn.) 18 

Sen. Robert Corker (R-Tenn.) 18 
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Sen. Max Baucus (D-Mont.) 16 

Sen. Jon Tester (D-Mont.) 16 

Sen. Mike Crapo (R-Idaho) 7 

Sen. Jim Risch (R-Idaho) 7 

Sen. Jim DeMint (R-S.C.) 6 

Sen. Lindsay Graham (R-S.C.) 6 

Sen. Benjamin Cardin (D-Md.) 5 

Sen. Barbara Mikulski (D-Md.) 5 

Sen. Robert Bennett (R-Utah) 4 

Sen. Orrin Hatch (R-Utah) 4 

Sen. John Barrasso (R-Wyo.) 3 

Sen. Michaei Enzi (R-Wyo.) 3 

Sen. Richard Burr (R-N.C.) 3 

Sen. Kay Hagan (D-N.C.) 3 

Sen. Mel Martinez (R-Fla.) 3 

Sen. Bill Nelson (D-Fla.) 3 

Sen. Mark Udall (D-Colo.) 3 

Sen. Mark Begich (D-Alaska) 2 

Sen. Lisa Murkowski (R-Alaska) 2 

Sen. Kent Conrad (D-N.D.) 1 

Sen. Byron Dorgan (D-N.D.) 1 

Sen. Saxby Chambliss (R-S.C.) 1 

Sen. Dianne Feinstein (D-Calif.) 1 

Sen. Barbara Boxer (D-Calif.) 1 

Sen. Kay Bailey Hutchinson (R-Texas) 1 
Sen. John Cornyn (R-Texas) 1 
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SAMPLE LETTER 


James Charles 

1148 Long Fork Road 

Kimper, KY 41539-5936 


June 23, 2009 

300 S. Main Street 
Suite 310 
London, KY 40741 

Dear Sen. McConnell: 

Support American coal mining jobs. Oppose S. 696! 

Legislation that threatens to inflict massive economic damage on America's 
mining community will be the subject of a June 25 Senate Water and Wildlife 
Subcommittee hearing. I am writing to urge you to protect thousands of coa 
mining jobs oppose the so-called "Appalachian Restoration Act" (S, 696). 

S. 696 unnecessarily restricts the availability of vital Clean Water Act permits 
by introducing a new, poorly conceived definition of the term "fill material." 
The bill would overturn an existing regulatory definition developed by the 
U.S. Environmental Protection Agency and the U.S. Army Corps of Engineers 
and ignores 30 years of effective regulatory 

practice, serving only to further burden an already suffering economy, 

By limiting the availability of Clean Water Act permits, S. 673 would wipe out 
up to 375,000 high-paying mining jobs and over 1 million jobs dependent 
upon the economic output generated by mining operations. 

Mining operations already comply with stringent state and federal 
environmental regulations, making the prohibitive new permitting rules in S. 
696 wholly unnecessary. 

For these reasons, I urge you to support high-wage American jobs and 
American mining and oppose S. 696. 

Sincerely, 


James Charles 
606-835-2233 
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OVERVIEW 

Mountaintop mining (MTM) is a surface mining Is 

used to safefy and efficiently extract coal neserves;n«irthe surfa« 
in the steep terrain conditions characteristic of Cenm^^paiadifa. 
During MTM, multiple coal seams are unco^red by remowng ^ 
overburden and interburden (the rock situated above and 
seams), which are then placed on previously mined anas <»• v^in 
engineered fill areas. 

After die coal is removed, the entire sice is restored throu^ mine 
land reclamation as required in permit specifications. I^ch MTM site 
is uniquely designed, engineered, permitted, operated and i^lalmed 
m accordance with standards that are defined and re^lat«! under 
local, state, and federal laws and reflations, indodit^ the 1 977 Sur- 
face Mining Control and Reclamation Act (SMCRA), which requires 
final reclamation of the site to create "a level plat^u or f ndy rdl- 
mg contour with no highwalis remaining.” 

MTM is frequendy ap- 
j^ied tn are^ where 
jfMevious mining active 
ties took place using 
methods that achieved 
only fartial recovery 
of die coal reserws. 
MTM can mitigate pre- 
vious environmental 
proWems associated 
with past mining such 
u ju:idic drainage and 
un-reclaimed highwalis that were creawid prior to implementation of 
today’s more stringent mining and environmental regulations. 

Mountaintop mining generally referwices ail types of surface mining in 
theAppalacHan r^on, including mountaintop removal, ctmtour mining 
and i^ mining Accbidinj^, this d^ument will refe^ to "mountaintop 
mining’’ as Indiiding all ofthe <5^5 of Sufface mining in tots resffon. 

Nonetheless, the economics of MTM arid underground mining are 
tnten-related, and one mining technique cannot replace the other. 
A study conducted by Marshall University in West Virgnia found 
that . . there are linkages bet^en surface quantities and toe cost 
of underground mining. These linkages are attribut^e to several 
factors... Thus [a decision to end MTM] will almost.certainly affect 
both surface and underground production..^;’* One ^not simply 
assume that a property that is well suited to MTM can be designed 
and developed using alternative production rriethpds, Otoer min- 
ing methods may or may not be technically and/or economical^ 
feasible. Mines and mining (KOperties are unique, and toe wabilitydf 
any mine or reserve can only be determined based on site-specific 
geological models and en^neered mining pians.The onfy certainty 
of alternative mediods is that overall coal reserve recovery will be 
lower than with MTM methods, thus permanedtiy sterilizing coal 
that could have been mined. 


Coal Induced fr«ntoe Appalachian region has a sif Ificant impact 
on our waion1S;€conomy and sodal well being. The Appalachian ns- 
.^itcont^m-nwre toan SO bilHon tons of coal reser\«s. Mountain- 
mifting operations alone produce more toan 126 million tons 
of co^ p«- >«ar, pmwding enou;^ energy to power more than 25 
miWionAmeritah homes. 

Economic impact 

Mountaintop mining operations produce desirable, high-wage jobs 
tiiat are the economic engine of local communities, sates and the 
re^n In which toey opiate. The average mining waf is more than 
$66, 000/year, ^clutfing overtime - S7 percent higher than the average 
for industrial jobs. Mountaintop mining accounts for ^proximatefy 
45 percent of toe entire state's coal production mWestVir^nia. 

There are more than 14.000 surface coal miners in the Appalachian 
reg’on, w»d for every mining job an additional 3,5 jobs are created 
through mining services, sales, and other related business. Accord- 
ingly, mountjunrop mining, provides almost 60,000 jobs in Appala- 
chia. 

Eliminating MTM will have a devastating economic impact on the 
communities where these mines are located.A 2004 study conduct- 
ed by toe Center for Business and Economic Research found that 
that “toe Impact on State and local tax revenues will be precipitous” 
if MTM is eliminated. The authors concluded, that placing serious 
restrictions on tois efficient mining technique would result in a loss 
equaling “nearly nine percent" of West Virginia’s tax . revenue im- 
pacting a variety of state services including K-i2 education. 

Value of Shipments 

Investment in toese projects creatto pt^uetion value of more than 
$5 billion from toe value of the c^l aipfie. In a^ opera- 
tions pump billions of dollars mbto Into ecbriomy torough 

the purchase of equipment arid supplies^ payments for transporta- 
tion on railroads and barges, hiring corisiiltarits and erigirieers, and 
payment of taxes. Mountaintop mining is also a source ofvtoerlcan 
ei^rts. In 2007, toe U.S. exported more toan 13 riiillion tons of 
surface-mined coal from toe region, worto almost $ I billion. 

The U.S. annually mines more than I billion tons of coal. About 90 
percent of tois output is toe fuel source for more than half of our 
nation’s electridty generation.The remaining 100 million tons of U.S. 
producticMi is utiHred for cpke-making. industrial uses or sold in the 
export martet-About 70 percent of U.S. coat production is mined 
using surface mining methods, including MTM. Underground mining 
methods account for the remaining coal out?>ut. 

The D^artmenc of Energy predicts that coal use will steadily grow 
over toe next 20 years because it is toe nation’s most abundant and 
affoitiable energy resource. There are neariy 1 25,000 coal miners 
in toe United States today. 


MTM Economic Impact; At a g/once 

jobs 

Direct 

14.000 

indirect 

60.0(^ 

Average Salary 

$66,000 

Compared to Average 
Industrial Salary 

57% higher 

V3.lue of Economic Activity 

Direct 

$5 billion 

Indirect 

$7.5 billion 














€gMEBAL BAGKS^OUHD 


M7M -Js -confinetf to rfuKe areas with reiativety steep terrain and mutaple 
■seamsitiiat.are located above natural drainage formations that intermittently 
carry Jft^rrorserve'as ephemeral streams.The earth and rock oveHymg the 
cc»i:s&ims are:^oc (bfested) removed to expose coat seams for recovery 

^nteowrtHjnten-Tsetd^er returned to its original location or placed m designed 
- -fin a*^s.Tbe‘si^ is redaimed m accordance with permit requirements. 


viljVlalfc ^\t r 


Doftf^ tbe mining, process, the general appearance of MTM sites is compa- 
..raWe t© otfia*-bfgdvi! projects in this region that involve moving substantia! 
wlumK of imteiial «jd large earth-moving equipment. Because MTH mining 
IS coDdu^«l- m'ru^ed terrain where slope instability generally prohibits re- 
f^ir^ aS of -^e excavated rock back onto the mountaintop for safety reasons 
excess rock in a MTM operation is placed in a designated valley fill area that 
js^igneered ta meet regulatory compliance and ensure slope stability. Upon 
compfetkxt of final placement of rock onto previously mined areas and valley 
fill areas, d^e area is rough graded and shaped. A final layer of. topsoil (growth 
medium);ls placed onto the reclaimed area as part of the final grading applica- 
tion. The affected areas are then re-seeded with vegetation conducis^ to the 
sumsunding enwronment and wildlife, planted with seedlings for reforestation 
used as farmland, or prep^d for development depending on the final land use 
r^qurements as 4n 


JJriiinvRiirhir^i' ptcntRinn iin rK!)fiUiiHi<iii:i itii’in ibriritlKin! us. cnffiasa- 

ill ii,} >!!!i!ii ^ iijj'ifi'hi iijj-j piiiH I Hi } H.!} .• 1:1; (j r» n>s.-rr «a hn ■ 


iaUtiUS:: N'laS 3£ nUtiLliH’il!!!: ihlj! ri!!i|lU:b:E!);i!’l iiti ll!!iii:R:iEHi!!’l!iiH list!: hlhlblliltiil 

#:et:E: rilH!”- mimi hiRiKint :liiKti!nfh!!!:f thitt iliniitil rininbiriniitiin-!;: ii'r-- 
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Mlfli LAND RESTORATION 



Project. Descrrption 


pany to restore the land to sup- 
port an approved “post-mining land 
use,” that wiy restore ^ land fx> a 
vaiuaUe use or purpose after min- 
Redofmed MTM ate. ing. Examples of this could include 

reclaiming the fuid to support for- 
ests, pastureland, cropland, or an economic use for the public such as a golf course, 
an airport or industrial park, or a wind farm. In addition to the legal requir^ements to 
restore the land, financial bonds are required by federal law as an insurance policy to 
ensure the land wilt be fully reclaimed according to the reclamation plan, re^rdless of 
the financial condition of the company after mining operations are complete. 


SMCRA not only regulates the mining process, it also requires that before mining 
ever begins the mine operator ntust submit and regulators must approve a compre- 
hensive n^ne land restoration and reclamation plan. To develop the plan the mining 
company in consultation wih landowners and regulators, will design a plan for the 
mine site that requires the com- 

Post Mine Land Use Projects 

Mingo County, W.Va. 


Number of Jobs 


Mingo County Fish Hatchery 

'' 2 

Twisted Gun.Goif Course 

!5 

McCoy HatfieidTraits 

30 

Untlin Flooring ■ - 

275 

Quality Metal Roof Manufacturing 

25 

Weatherford Fracturing Technology 

'40' 

Air Transportation Park 

25 

4H Youth Camp 

15 


Wildlife Habitat and Reforastatton 


417 


source; A1//7go County. VWa.Redeve/opmentAuthont)' 


Mining companies have a unique opportunity to tailor their post mining land uses to . 
accomplish a variety of environmental and economic objectives through the reclama- 
tion process. For example, mining operations, in conjunction with state government partners and the Rodcy Mountain Elk Foundation, 
reintroduced a total of 1 .500 elk in eastern Kentucky between 1997 and 2002. According to the 
Rocky Mountain Elk Foundation, when mines are properly reclaimed according to government 
standai^s.the elk actually prefer such sites to other areas. In 90 percent of the cases where the 
animals are radio tracked, the elk are living in and around reclaimed surface mines. The elk herd 
in Kentucky has flourished and now numbers over 1 0,000 animals, which represents more than 
a 600 percent increase in the size of the herd. 

In addition, research conducted by Virginia Polytechnic :and Sfate Univertity and the University 
of Kentucky has demonstrated that forest communities can b^j$uccessftilly;r^ 
reclaimed mine sites. This success is promoted tiirough effom such m 
R eft>restation Initiative (ARRt), a partnership of federal and state pei^la^ 
and conservation poups dedicated to promoting and encoura|^ng,the r^:^tfatidn of high-value, 
hardwood forests on coal mined lands in Appalachia using the forenry reclamation approach. 
The for^try reclamation approach requires using advanced techniques to ensure availability 
' and de^ of proper topsoil, avoiding compaction of the soil, using the appropriate ^undcover 
and tree species selections, and applying tite correct tree planting techniques. Using this ap- 
proach, mountaintop mining operations can successfully replant and restore the forest after 
mining operations are complete. 

I Mountaintop mines also can improve the emdronment through reintroduction of plant spe- 
’■ cies. For examj^e. the American chestnut tree was largely eliminated from eastern forests 
of the United Slates several decades ago by a Wight drat destroyed almost the entire species. 
Throu^ a partnership w«th the American Chestnut Foundation (TACF), mining companies are 
planting a bll^t-resistant version of the chesmut across 1.2 million acres in Kentucky. These 

Demo'-r r ; toe .orrect woytop’unt plantings are part of the Appalachian Regional Reforestation Initiative mentioned above, which 

American Chestnut seedlings: Photos by Paul ■ . ■ ,,,,,, , , , 

Rothman of Kentucky DNR promotes the reforestation of coal-mined lands using high-value, native hardwood trees, mdud- 
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sfoped areas of Appalachia. These areas are oaturaliy unsuitable for large-scale development due to the rough topography, but mining 
operations provide an opportunity to create economically valuable level land for such projects following the completion of the mining 
and reclamation operations, 


Working with state regulators and local groups such as the Mingo County Redevelopment Authority in Mingo County, West Vlr^nta, min- 
ing companies have, integrated the costs of making a site suitable for development as part of their planning and execution of mine land 
reclamation, creating attractive investment opportunities, chat have fed to a wide variety of sustainable economic development projects. 
These projects provide permanent jobs and services for residents, in.local communities and have included a wood products industrial park, 
an agricultural demonstration project, an i 8-ho!e ch^pionship golf course, and an airport facility. 
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CQMMUMiTY INVOLVEMENT 

Gaai comjMnies 233 ^ 

: ple^reea p!^ an 

■ ao .: irnprtyvif^ die Rfs: 

■ op ers^ ss-i 

, 

'^* ^ Mi< >r heir fam'iii^ isss- ^^s aa - gg ;- ; 

pTO»rtdirtga.'g^t i^: Sgg^ -si?^-'.' 

Students at a W.Va elementary school are rewdcded^ o;.-: oriafihatibft. gat&iss srfssaa- 
weal caa/ company /or good poffbnnawe ■ ,• • •' - . - 

t» help fautid a p!^23ie3 53 - 3Sr?F-: 

iog as fnembers:"^' t^; h ^ ss ^ s ?:, 
fire department, they recognize the importance of being active, ffeiii-i2S3^ k» -i^ii- 
social fabric of die communities in which they operate. Recent add'^'g^isi.fessfeiSiia; 
include: 

* providing equipment and supplies to rebuild infrastructure serwsi^ fe-ti^^si#-- 
munities; 

• establishing and underwrite family wellness center^ 

• funding scholarships to bring quality medical providers to remote sasTss^aisssc . 

• partnering to provide volunteers and financial assistance to priir-srs- ssdi 
ary schools; 

• providing scholarships and recognition prog?^ms for outstanding teasPs-srs: 

• funding and assist in constructing playgrounds for school children; 

• pardespating and provide resources for local volunteer fire deparmtajm^scasdi 
* supporting holiday events for underprivileged children. 

Such activities are annually recognized by the Office of Surface Mining’s 
bdr Awards” and other state and local programs. These awards annuiiif 
mine operators for successfully working with surrounding land owners 
munity., 

TRANSPARENCY AND PUBLIC PARTICIPATION 


dents of GioprrwnvfV/e, Wyo. . 


SMGRA contains nultietxius protections to ensure transparency and public involvement to ensure that the performance ^ndards and 
other requirements of the statute and regulations are being met. The law requires at least one complete inspection of the actual mine 
site every quarter and one partial inspection each month. SMCRA requires mine operators to notify the public of the proposed surface 
coal mining operation and provides the public a right to file written objections with the regulator regarding any mining company permit 
applications with which they disagree. In addition, any person can request an inspection of an operation where they believe is not comply- 
ing with the law. SMCRA also provides for citizens to file a lawsuit against the federal or state government if they believe that there has 
been a violation of SMCRA or any of its implementing regulations that the government has not adequately addressed. Compliance with 
environmental srandards is assured through diligent oversight by state and federal re^lators in conjunction with significant opportunities 
for public involvement. 
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LAWS' & RESUinATiONS ' 

Hining is carefully regulated throughout the tijat-spedfiGalfy regulate mining, and many other general 

laws are applicable to mining operations. Someof :d^iiK>se>s^Hl^nt &(ter:d toiara indiKie .the Surface Hining Control and Rectamaaon 
Act (SMCRA), the Clean Water Act (CWA). che Clean^^^dte.&Ki»)^fed SpeciesAct (ESA), and the Federal Mine Safety and Health 
Act, This document will focus primarily on die ftr^ two s&tt^e^SHCRA Mtd the CWA It should be noted, however; that in addition to 
these, there are also thousands of pages of federal and state tt^fadons {Mtmding environment^ protection, protection of public healdi 
and safety, as well as opportunity for puWic input during permiQJng stctrfltiK. ^ 

Mountaintop mining was specifically authorized by Congress v^iWi it enacted SMCRA in 1977. Section SI S(c) provides an exception 
for restoring the approximate original contour requrremenK^ Cnouneuntop removal operations under certain conditions, and section 
5 1 5(b){22) allows excess rock and dirt to be placed m streams so lorg as lateral drains and under drains are constructed to avoid water 
filtration throu^ the fill material. These provisions are iuriii«' reh^rced by the courts, which have ruled that- “SMCRA does not pro- 
hibit the discharge of surface cm! mining excess spoil [dirt and rcw^J in waters of. die United States... it is b^ond dispute that SMCRA 
recogiized die possibility of placing excess spoil material [dirt and mdtj In waters of the United States..." See Kentudci^s for the Com- 
monwealth v.Rivernburgh.3l7 F 3d 42S,442'443 (4th Cir.SOOS);.:: 

Most recently, the Office of Surface Mining and Reclamation (OSM) added new relations that provide additional protections to stireams 
and the environment by requiring companies to minimize die amount erf ©<cess “spoil" material (dirt and rock) pineratad at mountaintop 
mining and other mine sites. IHie new regulations reqtwre ttwning companies to demonstrate that the operation has been designed to 
minimize the volume of excess dirt and rock and ensure diat as much of this material is returned to the mountain as possIWe. Mines must 
avoid placing such material in perennial or intermitt«it streams to the extent possible, They must also perform an “alternatives analysis” 
to consider options for fill placement that take into account different numbers, sizes, locations and configurations to minimize the impact 
on fish, wiltflife and related environmenial values. 

The Surface Mining Control and Reclamation Act (SHCRA) 

The Mining Control and Reclamation Act f'SMCRA”) is a comprehensive feder^ environmental statute for regaiating surfate cbal 

mlhtngOpeifadons; Under this legislation, Congress created the Office of Surface Mining Reclarhation and Enforcement (OSM) In 19^ and 
charged th©: agency with establishing a nationwide program to protect society from die adverse effects of surface cdal mining yet striking 
a balahce between erivirdrimental protection and the nation’s need for coal as an essential source of ehergy. 

Perfornfahee Stahdardsi SMCRA established comprehensive environmental performance sttndards foh coal hllnihg op^etiw 
stendards refteet Congressy understanding that there is a balance to be struck between environmental protheddn and rhed^ 
tion’s energy na<^s throu^ coal production. All coal mining, including mq^untaintop mining, muse be done consistent with, these environ- 
mental performance standards. These standards are comprehensive in nature and provide “cradle to grave” coverage throU^bW^^ 
life-cycle of a surface coal mining operation - from the earliest aspects of exploration and planning of the operation, throughout dl of the 
“active” mining operations, and concluding with reclamation of the project. 

To accomplish this, SMCRA requires all mining operations to comply with dozens of specific performance standards te protect the eh- 
vironment Examjrfes of tiiese stendards include requirements for companies to maximize and conserve the coal resource, stabilize and 
protect surface areas to control erosion and water pollution, conserve topsoil for use after mining and minimize the disturbance to VWi- 
ters. Miners must also minimize, impacts of their operations on fish, wildlife, and related environmental values and enhance such resources 
when practicable. SMCRA and its implementing reflations address every aspea of the mining operation, including regulation of afr and 
water quality, blasting, soil preservation and handling, protection of fish and wildlife, and re-vegetation requirements. 

No mining activity may occur without first obtaining a permit Mining companies must submit a comprehensive and detailed 
permit apf^ication containing information about, the compaity and: tiie proposed mining operation, including a detailed environmental 
analysis of how the mining will be conducted to ensure com|rfi£uice ail of the required environmentel standards. Mining companies 
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must also include detailed information about their operations and whether they have any outstanding environmental violations. Com- 
panies that have an outstanding environmental violation are prohibited by law from receiving new mining permits. In addition, no mining 
company may receive a permit until they have provided a bond to ensure that sufficient funds are available to assure the completion of 
the reclamation plan if the work had to be performed by the government. 

Safety: Although safety of miners is primarily regulated through the Federal Mine Safety and Health Act of 1977, SMCRA also requires 
stability and engineering controls to ensure not only environmental protection, but safety of the miners and the public. Mountaintop 
mining operations engneer and construct valley fills to contain the excess dirt and rock generated from mountaintop mining opera- 
tions. Federal regulations require careful planning, placement and construction of these structures to ensure their long-term stability 
and safety. 

The Clean Water Act (CWA) 

AH mining operations, including mountaintop mines, must obtain permits and comply with regulations under the CWA designed to avoid 
degradation of streams and other waters from impacts associated with mining activities. The states also have an oversight role through 
certifying that no mining activity authorized by a federally issued permit will violate state water quality standards. 

Section 4©l: Under CWA Section 401, no Federal permit or license may be issued that may result in a discharge to waters of the 
United States, unless the authorizedTribe or State where the discharge would occur has certified that the permit or license is consistent 
with water quality objectives or has waived certification. Among factors a state or authorizedTribe considers are whether the discharge 
would be consistent with applicable water quality standards, effluent limitations, new source performance standards, toxic pollutant con- 
trol requirements and relevant requirements ofTribai and state law. The 401 certification may, and most often does, include conditions, 
that must become an enforceable term or condition of the permit 

Section 402; The National Pollutant Discharge Elimination System (NPDES) permit program controls water pollution by regulating 
point sources that discharge pollutants into waters of the United States. Most states have primacy “permitting” authority within their 
borders. The U.S. Environmentiil Protection Agency (EPA) issues permits where states have not obtained primacy. Under this program, 
mining operations must obtain permits for all discharges directly to waters and for ail discharges associated with stormwater runoff from 
the mining sice. A few minor exceptions exist for stormwater runoff that does not come into contact with the active mining areas. , 

Thus, in addition to SMCRA protections explained above, the CWA provides another layer of environmental protections for streams and 
other waters by making it an enforceable violation of a CWA permit should any water quality standard be vtblaced. 

Section 404: The Section 404 permit program, administered by the Army Corps of Engneers (the Corps), provides that a permit may 
be issued for the discharge of dredged or fill material into the nawgable waters. The Section 404 program is administered through a set of 
guidelines promulgated by EPA, and EPA participates as a commenting agency in permitting process. EPA prohibit Issuance of a 404 
permit where it determines the impacts will have an unacceptable effect on munidpal water supplies, fish and wildlife or recreational areas. 

In making determinations about whether to issue a 404 permit, the Corps requires the applicant to submit data and information illustrat- 
ing the effects of the project on the aquatic ecosystem as a whole, as well as an evaluation of alternatives to the discharge and measures 
that were taken to avoid, minimize and mitigate or compensate for unavoidable adverse effects. A complete mitigation plan is required 
along with an opportunity for public review and comment in the case of individual permit authorizations. 

The Corps typically requires mitigation at a 1:1 ratio, and In the case of mining permits, the ratio is often higher. This means that any 
sepnents of streams impacted by mining activities are mitigated by replacing the stream, creating new screams in other locations or 
improving other degraded streams. In addition, the Corps has authority to require, and often does require, conservation easements to 
preserve the mitigation for perpetuity. Mitigation bonds may also be required on a case-by-case basis. Ail mitigation requirements are 
incorporated as enforceable conditions on the 404 permit and additional nnonitoring and reporting requirements attach for a minimum 
period of five years. 
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June 25, 2009 

Tennessee, iike the rest of Appalachia, has been mining coal since before the Civil War. A strong and 
proud tradition throughout the region, coal mining represents a steady supply of energy and 
employment. However, mining’s legacy has not always been positive. 

Prior to 1977 and the passage of the Surface Mining and Reclamation Control Act, coal mining in 
Tennessee was conducted without regard for environmental consequences. These actions left 1,000 
miles of abandoned highwalts that have scarred Tennessee's mountains and left a legacy of water 
pollution. However, over the past 30 years, the process of coal mining has drastically changed. 

Today's coal mining operators provide domestic energy and excellent jobs while also working to protect 
the environment. Since 2004, Tennessee's coal miners have restored 125 miles of abandoned highwalls 
and returned many of the states' mountains to their original grandeur. Through their work with various 
agencies and institutions, Tennessee's coal mine operators have also reintroduced native vegetation, 
including the American Chestnut tree, to our mountains. Wildlife species have also benefitted from 
reclamation activities. Tennessee is now home to approximately 250 elk, which reside in the reclaimed 
Royal Blue Wildlife Management Area. 

In addition, the re-mining and reclamation of these abandoned sites has significantly improved impaired 
watersheds around the mines. According to the Tennessee Department of Environment and 
Conservation's 2008 303(d) list of impaired waters and streams, 14 percent of the state's water 
pollution is mining-related. However, only 1.6 percent of this pollution is caused by active mining, 
leaving 13.4 percent caused by orphaned mines. The most efficient and economical way to restore the 
pollution from abandoned mines is to continue re-mining with today's modern mining methods. In fact, 
in 2008, TDEC cited land reclamation as a contributing factor in the removal of Tackett Creek, a current 
and historic mining watershed, from the list. 

Tennessee's coal mining industry also provides much needed jobs in some of the state's most rural and 
economically-depressed counties. For the 1,000 direct coal mining employees, their salaries are 38 
percent higher than the state average and Include full health and retirement benefits. Each direct job 
supports 3.5 more indirect Jobs within the state. 

Within Tennessee, local counties benefit tremendously from the coal mining industry. Not only does the 
industry work diligently to be good corporate citizens, they also pay a severance tax directly to each 
county that is used to support the local schools and roads. Just this year, Tennessee's coal mining 
industry passed a bill that will incrementally increase the coal severance tax from $0.20 per ton to $1.00 


487 



per ton over the next six years. By 2015, this increase will translate into $2 million per year for coa! 
mining counties. 

The Tennessee Mining Association is proud to represent today's coal miners and those that support 
them. Our members take pride in being able to supply our state with abundant and affordable energy 
while also employing 4,500 Tennesseans. TMA looks forward to continuing mining's strong tradition 
within Tennessee, throughout Appalachia and across the country. 
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Chairman Liebemian. Ranking Member Voinovich, and members of the subcommittee, thank 
you for inviting me to testify. I commend you for your willingnes.s to hear from the Mingo 
County Redevelopment Authority. 

With mining. Mingo County i.s diversifying the economy. We are creating good paying jobs 
with benefits for our citizens, and the opportunities for economic development are better than 
they have been in a long, long time. 

Our Mi.ssion...‘Thc .Mingo County Redevelopment Authority is a public organization, 
established to promote and encourage the economic and civic welfare of Mingo County, and for 
the development, attraction and retention of business, industries, and commerce within the 
county, thus creating employment opprrrtunities and increasing the area'.s tax base." 

Because of mining and development sites created by mining, we have been able to create good 
jobs in the industries of wood, aquaculture, agriculture and recreation. The Mingo County Board 
ol Education has established a Horticultural Curriculum through the use of our agriculture 
demonstration project. By growing excellent Artie Charr from mine water we have created a 
new industry in southern West Virginia. We anticipate the county school system will add an 
Aquaculture Curriculum as a result of our fush hatchery, grow-out facilities and proposed fi.sh 
proccs.sing facility. Without mining thc.se new jobs and economic opportunities would never 
have been possible in southern We.st Virginia! 

Our challenge is to achieve our mi,ssion to create new jobs, improve the quality of life for our 
citizens, and increase our tax base througliout the next generation for the future of our children 
and grandchildren, We cannot meet this challenge unle.ss reclaimed mine sites arc provided to us 
for the purpose of creating economic development. 

Diversifying the Mingo County economy through support of the mining industry is an important 
part of our future. Realizing this, the Mingo County Redevelopment Authority brought together a 
diverse group of citizens to develop the Mingo County Land Use Master Plan (Plan). The Plan 
was presented to the citizens of Mingo County at a public hearing, where public suggestions 
were incorporated into the Plan. The Plan has been approved by the Mingo County Commission. 
For the first time in history, Mmgo County has a Plan that provide, s a road map to achieve 
economic development opportunities. Any coal company who volunteers up front and before 
mining commences to use our Plan will be provided with our proposed post mine land use for the 
property. After mining the property will be I) returned in a manner consistent to our Plan; 2) 
adequately supplied with infra.structure; and 3) used for the economic development puiposcs as 
.stated in the post mine land use. Prior to our Plan Mingo County lost many economic 
development opportunities because most of the property mined was put back to its Approximate 
Original Contour (AOC); leaving no land suitable for economic development. Our Plan alTords 
opportunitie.s to change that. 

Through the leadership of the Mingo County Redevelopment Authority, we have developed an 
excellent partnership with the private and public sectors, Mike Callaghan, Director ofDEP. and 
Governor Bob Wise have been very instrumental in our efforts to encourage post mine land use 
development sites for proposed and ongoing surface mine activities. We have li.stened to Mingo 
Countians, The Land Use Master Plan i.s a grass root Plan of what we need to stop the 
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downward economic spiral tliat we have been faced w'ith. There is one thing that EVERYONE 
agrees on and it is the fact that Mingo County must diversify. 

We must stop the cycle of schools being closed, good teachers leaving and major industry jobs 
vanishing. Our county population has dropped from 37,()(X) in 1980 to 28,000 in 2000. One of 
our schools has 95% of our kids w'ho qualify for the free lunch program. . .as a best-case scenario; 
we have nearly half our kids on the free lunch program at Williamson High School, which is 
located within our county seat. 

Before 1989 when the Mingo County Redevelopment Authority was formed, local economic 
development agencies did not exist in any of the southern West Virginia counties. Since our 
establishment, we have worked hard to form a team relationship between our private and public 
sectors, and with the dedication of our board of directors we have achieved an excellent display 
of teamwork within our county. Everyone has come together to help .save our county from 
economic devastation. We cannot wait to diversify our economy after the coal is depleted... we 
must diversify in conjunction whth the ongoing and future mining activities, and our efforts must 
continue. 


Here are some of the projects that the Mingo County Redevelopment Authority has 
accomplished by utilizing opportunities created by the mining industry. . . 

> The Mingo County Wood Products Industrial Park (Exhibit A) 

o Located on a reclaimed surface mine site 
o $28 million total project cost 

o Includes a centralized lumber storage area, lumber processing facility, lumber pre- 
drier, a battery of dry kilns, boiler and silo. The fir.st shell building (82,000 sq, ft.) 
houses a hardwood flooring manufaeturing facility, 
o Presently 90 employees 
o 1 00 new jobs by the end of 2002 (estimate) 

> The Mingo County Agriculture Demonstration Project (Exhibit B) 

o Located on a reclaimed surface mine site 

o Enabled the Mingo County Board of Education to provide a Horticultural 
Cun-iculum 

o Operated and maintained by the students through the new horticultural program 

> The Fish Hatchery (Exhibit C) 

o Utilizing underground mine water to hatch and raise Artie Chair fingerlings 
o Created a new industry in southern West Virginia 

o Will provide for an Aquaculture Curriculum to be available to the students 
through the Mingo County School system 

The Grow'-out Facility for Artie Chan- (Exhibit C) 

o Utilizing underground mine water to grow Artie Chair tingcriings to market size 
(21bs) 

o .$,3.5 million private Investment 

o Pro-fish is the distributor of Artie Chair into the Washington, DC area. 


3 
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^ Twisted Gun Golf Course (Exhibit D) 

o The coal industry has already constructed an 18-hole golf course, with a 
breathtaking view of the natural surroundings. This project will enhance the 
recreational opportunities in Mingo County. 

Here are some of our potential projects that, in conjunction with ongoing mining, will help 
diversify and enhance the quality of life for Mingo County citizens. , . 

King Coal Highway / 1 73-74 (Exhibit E) 

o In cooperation with the Department of Highway and the Department of 
Environmental Protection, the coal industry plans to construct (to rough grade) 5 
miles of the new King Coal Highway/ 1 73-74. with 2 connectors. . .saving the 
taxpayers an estimated S90 million dollars 

> Airport (Exhibit F) 

o In cooperation with the Mingo County Airport Authority, the coal industry will 
construct (to rougli grade) an area to provide the county with an airport runway of 
6,000 - 10,000 feet, with sufficient acreage for ancillary future development... 
saving the taxpayers approximately S3 0 million dollars. 

> Fish Processing Plant 

o The coal industry has provided site preparation as an in-kind contribution toward 
the construction of a fish processing facility, which will handle all the fish that is 
hatched and raised in southern West Virginia 

As you can see, the mining industry and our efforts to diversify the economy in southern West 
Virginia are connected in a substantial manner. However, to continue to advance our plans. . . 

> The mining industry mu.st continue ... 

> Our partnership with the private/public sectors must continue . . . 

z' Post mining land use creating developable property for future jobs must 
continue . . , 

> Our diversification efforts must continue . . . 

I am not a lawyer and I am not a chemist. I'm just a local citizen w'ho loves my county and its 
citizens. We care about whether our kids and grandkids will be able to work and provide for 
their families in Mingo County. We want a county that will allow people who have been forced 
to move away to come back home. We care about all these i.ssues. We care about our schools 
and the opportunities provided to our kids. We're working hard to make soutliem West Virginia 
economically viable. 

We have gone to great strides to achieve a better economy in Mingo County. We want to 
continue, and wc will if the mining continues. The mining is necessary, anti the v alley fills are 
needed for the continuation of surface and underground mining. 

.Again, without diversification during the mining of coal, there will be no opportunity for 
diversification after coal mining. Wc have found a solution to .stop our downward plunge and 
it’s not just a “fleeting vision". . .it’s reality! It's attainable! It works! And we want it to continue. 
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Now you have a better understanding of our situation and can see the importance of 
diversification during the mining process in southern West Virginia. If there’s anything I can do 
to help ensure that our progress is not hindered, please feel free to contact me. Better yet, 1 
would like to invite each of you to come to Mingo County. I’ll personally take you around our 
county and show you first hand what progressive steps are being taken by Mingo County. 

Some people sec things as they arc and ask why. ..But I dream oj' things that never were and a.sk 
why not. 

Quote.. .John Kennedy 

Thank you very much. 

Mike Whitt 


.s 
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THE APPALACHIAN REGIONAL REFORESTATION INITIATIVE 

Pfitrick Angel'. Vic Davis^ Jim Burger*. Don Graves'*. Car! Zipper' 


The Appalachian Regional Reforestation Initiatiw 
f ARRI) is a cooperative effort by the States of the 
Appalachian Region with the Office of Surface 
Mining to encourage restoration of high quafi^ 
forests on reclaimed coal mines in the eastern USA. 
ARRI s goals are to communicate and encourage 
mine reforestation practices that 1 ) plant more 
high-value hardwood trees on reclaimed coal 
mined lands in Appalachia; 2) Increase the survival 
rates and growth rates of planted trees; and 3} 
expedite the establishment of forest habitat 
through natural succession. These goals can be 
achieved when mines are reclaimed using the 
Forestry Reclamation Approach (FRA). 

The FRA is a method for reclaiming coal-mined 
land under the Surface Mining Control and 
Reclamation Act (SMCRA) to forest, and is based 
on knowledge gained from both scientific research 
and experience (Burger and others. 2005). The 
FRA is considered by state mining agencies and US 
Office of Surface Mining to be an appropriate and 
desirable method for reclaiming coal-mtned land to 
supportforestedland uses (See References). 

When mining and reclamation operations are 
conducted using the FRA, results can Include both 
cost-effective regulatory compliance by the coal 
operator and productive postmining forests. 
Productive forests generate value for their owners 
and provide watershed protection, wildlife habitat, 
and other environmental services (photo I). 

Why is the ARRI needed? 

SMCJ?A improved the surface-mine landforms by 
increasing stability, improving water quality, and 
enhancing human safety in the Appalachian 
region, compared to the results of pre-SMCRA 
mining. However, SMCRA's Implementation has 
not been accompanied by widespread 
replacement of forests disturbed by mining. Many 
mined !and.s were restored a.s grasslands but arc 
not currently used for hay or pasture by their 
owners. Native forests will eventually be restored 
on such areas by natural succession, but this 
process is slow and centuries may be required. 

Following SMCRA’s implementation, regulators 
focused on stabHity of landforms created by 


mining at the expense of restoring forest land 
capability. This approach was caused by a desire to 

solve the problems such as severe erosion, 
sedimentation, landslides, and mass instability 
caused by pre-SMCRA surface mining. As a result, 
excessive soil compaction was common on surface 
mines, and aggressive ground covers were 
generally planted. Furthermore, both regulators 
and mine operators were challenged by the 
technical complexities of implemenfir^g SMC RA m 
the years following its passage. As a rc.suit, 
reforestation took a back seat. Lastly, some early 
efforts by mine operators to reforest under SMCRA 
proved problematic, in part because the.se efforts 
were conducted without the benefit of scientific 
knowledge that is available today; as a result, mine- 
operators and regulators came to believe that 
postmining land uses such as hay and pasture land 
were easier and cheaper to achieve than forests. 
These factors and others contributed to a 
significant loss of forests due to mining across 
Appalachia. The current reforestation initiative Is 
an effort to increase knowledge and change 
attitudes about planting trees on surface mines. 

Forests have been the traditional land use and 
support an established Industry throughout the 
eastern coalfields; in recent years, resurgence in 
the hardwood timber and wood-using industries 
has occurred throughout the region. Furniture, 
flooring, and paneling are made from many fine 
hardwood species, while softer woods are used for 
plywood, oriented-strandboard, and wood pulp. 
'Soft hardwoods" such as tulip poplar, red maple, 
sycamore, green ash and bigtooth aspen, all of 
which have good potential as reclamation species, 
are being sought by industrial wood-users along 
with the traditionaliy-valuabie species such as the 
oaks. Furthermore, forests provide many benefits 
such as wildlife habitat, watershed control, carbon 
sequestration, and recreation. Owners of mined 
lands, who were once content to have their land 
reclaimed to grassland and shrubland, are 
becoming more interested in reforestation with 
commcrcialiy-valuabic hardwoods. 

A goai of mined land reclamation under SMCRA Is 
to create land with equal or better postmlning 
land use potential than the land was prior to 
mining. Scientific research has demonstrated that 
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reforestation using the FRA is capable of achieving 
this goal. Many grassland areas created after 
SMCRA, have soli properties less favorable to 
forests than on the lands that preceded mining. 
The role of ARRI is to coordinate and improve 
dissemination of information, while promoting 
further research across ail the Appalachian States. 


What is a Forest Reclamation 


Advisory? 


Reforestation researchers and experts ftom 
universities throughout the region have joined 
forces with Federal and State regulators to form 
the ARRI. One goal of the ARRI's Academic Team is 
to generate a series of guidance documents called 
Forest Reclamation Advisories which will describe 
state^f*the;^clence procedures for coalmine 
operators and other mine reforestation 
practitioners, agency personnel, and mined land 
owners. This Introductory publication is (he first in 
the series intended to cover a variety of topics 
related to reforestation of mined lands. Future 
pubilcations may address emerging issues as vs^li 
as current knowledge. Revisions will be published 
as new information becomes available. 

For access to future Forest Reclamation Advisories 
as they are published, or for a complete list of ARRI 
Team members, see the ARRI web site at 


Faculty and researchers from the following 
universities and organizations contributed to this 
Forest Reclamation Advisory: Ohio State 

2 


University, Pennsylvania State University, Purdue 

University, Southern Illinois University, UnIve.rsKy 

of Kentucky. University of Maryland. University of 

Tennessee, Virginia Polytechnic Institute .and State 

University, West Virginia University, and United 

States Forest Service (retiree). 
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Photo 3. Mine soH prop^les can have a dramatic effect on tree growth. The Eastern white pines in both photos 
were the same age (8 years old) when the photos were taken; the pines in the left-hand photo grew on a compacted 
alkaline shales, while those on the right grew on a moderately acid sandstone. 


.steeper slopes should be minimized, provided th.iiit 
doing so does not Jeopardize stability. 


To re^tablish a healthy and productive forest 
after mining, final grading must minimize surface 
>mpaction. This can be achieved by; 

dumping and leveling in separate operations, 
eveflng with the lightest equipment available, 
using the fewest passes possible, and during 
dry conditions, and 

permanently removing all equipment from a n 
area after leveling. 

“Tracking in" operations (Photo 4| compact the soil 
and hinder tree-growth, and should be avoided 
unless necessary for slope stablili^. Rubber tired 
equipment should not be used In final grading. 

Step 3. Use ground covers that are compadble 
with growing trees. 

Ground-cover vegetation used In reforestation 
requires a balance between erosion control and 
competition for the light, water and space 
required by trees. Ground covers should include 
grasses and legumes that are slow-growing, have 
sprawling growth forms, and are tolerant of a 
wide range of soil conditions. Fast growing and 
competitive grasses such as Kentucky-31 tall 
fescue and aggressive legumes such as sericea 
lespedeza and crown vetch should not be used 
where trees will be planted^ Slower-grovwng 
grasses such as red top and perennial ryegrass, 
and legumes such as birdsfoot trefoil and white 
clover, when used in a mix with other appropriate 
species will increase seedling survival while 
controlling erosion over the longer terni as the 
trees and accompanying vegetation mature to 
form a forest. Fertilizer rates should be low in 
nitrogen, relative to rates commonly used to 
establish pastures, so as to discourage heavy, 
ground cover grovsfth while applying sufftclerit 
rates of phosphorus and potassium for optima! 
tree growth. 
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Forests! 

The FRA ss cfesigned to restore forest land 
capability. When these five steps are followed, 
forest land productivity equal to or better than 
that which preceded mining can be restored. 
Furthermore, the FRA accelerates the natural 
process of forest devcHopment by creating 
conditions similar to those of natural soils vt^ere 
native forests thrive. By limiting compaction 
during reclamation, the growth medium becomes 
deep and loose, similar to the best forest soils. 
Temporary erosion-control ground covers are 
selected to allow native herbaceous and woody 
plants to seednn, emerge, and grow. The ground 
cover species are meant to be sparse and stow 
growing in the months after seeding, after which 
they will yield to a more diverse species mix that 
will control erosion and will be self-sustaining as 
required by SMCRA. Over the longer term, the 
herbaceous groundcov^* will yield to native forest 
through the process of natural succession. 

Natural succession is further accelerated by 
planting late-successionai, heavy-seeded species 
such as the oaks, which are not dispersed from the 
native forest easily by wind and wildlife. Planting 
these heavy-seeded species puts them on site right 
away, allowing them to emerge with other species 
that can seed in on their own (Photo 7). When a 
good growth medium is established, as outlined in 
Steps 1 and 2 of the FRA, late-successional plants 
will thrive, especially when native soil is used or 
mixed with the suitable overburden materials. 
When native forest soils are used as a part of the 
growth medium, native vegetation establishment 
will be accelerated due to vegetation that sprouts 
from those seeds of forest understory and tree 


species that remain viable. Overall, such 
reclamation practices create a diverse and valuable 
forest of native trees that produces wood products 
and habitat for wildlife. 

The FRA does not preclude; mine operators from 
establishing tree crops such as biomass 
plantations, Christmas trees, or nut orchards, if 
such reclamation satisfies permit requirements and 
meets landowner goals. In such cases, all of the 
above steps apply except that a tree crop Is 
planted instead of a native hardwood mix. Tree 
crops will benefit from FRA reclamation. 

Faculty and researchers from the following 
universities and organizations contributed to this 
publication: Ohio State University, Pennsylvania 
State University, Purdue University, Southern 
Illinois University, University of Kentucky, 
University of Maryland, University of Tennessee, 
Virginia Polytechnic Institute and Stale University, 
West Virginia University, and United States Forest 
Service (retiree). 
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Ph. 304.342.4153 


July 3, 2009 


The Honorable Mr. Benjamin L. Cardin 

The Honorable Mr. Lamar Alexander 

U.S. Senate Committee on Environment & Public Works 

410 Dirksen Senate Office Bldg 

Washington, DC 20510 


Dear Senators Cardin and Alexander; 

Attached please find a copy of our prepared remarks to be included in the 
official record for the hearing conducted last week before the U.S. Senate's 
Wildlife Subcommittee of the Environment and Public Works Committee on 
“The Impacts of Mountaintop Removal Coal Mining on Water Quality in 
Appalachia.” 

We would have presented these remarks at the hearing last week had we 
been afforded the opportunity to do so. 

We also request that you extend the hearing comment period for a period 
of two weeks so we might prepare adequate responses to the lengthy and 
technical testimony given by EPA and other witnesses. 

We also enclose for the record a copy of a PowerPoint presentation and 
white paper on mountaintop mining in Appalachia to give additional insight 
into this form of mining and its importance to West Virginia, Virginia, and 
Kentucky. Also included is a copy of West Virginia Senate Resolution 50 
and SB 1011 dealing with post-mine land use. SB 101 1 was recently 
enacted by our State Legislature to provide for a higher and better post- 
mine land development. 

We encourage you and your colleagues to visit an active mine site in West 
Virginia or in one of the other states impacted by S-696 before advancing it 
further along the legislative process. After such a tour, we believe you 


"A Voice of Reason" 
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would have a different perspective that the one you espoused during last 
week’s hearing. 

If we can be of assistance in any way, please do not hesitate to call upon 
us. 

Sincerely, 


Chris Hamilton, Co-Chairman 


Roger Horton, Co-Chairmain 


CC; Members of the US Senate Water and Wildlife Subcommittee 
Members of the US Senate Environment and Public Works 
Committee 

Senator Robert C. Byrd 
Senator John D. Rockefeller 
Congressman Alan B. Mollohan 
Congresswoman Shelly Moore Capito 
Congressman Nick J. Rahall 
Governor Joe Manchin 
WV Senate President Earl Ray Tomblin 
WV House Speaker Richard Thompson 


"A Voice of Reason " 
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Comments of Chris Hamilton, Chairman, Coalition on Mountaintop Mining to S-696 
- “The Appalachian Restoration Act -- before the U.S. Senate’s Wildlife and Water 
Subcommittee of the Environment and Public Works Committee. June 25, 2009 
Public Hearing on “The Impacts of Mountaintop Removal Coal Mining on Water 
Quality in Appalachia.” 


Good afternoon. Mr, Chairman, Committee Members, my name is Chris Hamilton, 
Chair, Coalition on Mountaintop Mining. We sincerely appreciate the opportunity to be 
here today to address your Committee. The Coalition is comprised of coal producing 
companies, working miners, mine managers, elected office holders, mine vendors 
equipment companies, land companies and citizens for coal. We are headquartered in 
Charleston WV and represent a three (3) state region including WV, KY, & VA. 

Joining me today are Roger Horton (UMW member/Citizens for Coal), and a contingent 
of working miners along with their families who made the journey from West Virginia to 
be present during today’s hearing. We are here on behalf of the men and woman who 
have devoted a career, some a lifetime, towards providing this region, our country and 
world with low coast reliable (24/7) household and industrial energy. Energy -- that has 
enabled us to be the greatest, most powerful country in the world with the highest of 
quality of life of any other land or destination. 

We are here today to oppose S-696 and to encourage you not to enact legislation that 
will have a detrimental effect on our state and its workers - workers who are highly 
skilled, educated and who work within the coal mining industry daily to provide for their 
families. They are masterful at what they do and do it with great pride and 
sophistication. 

These are hardhat jobs - brawn & brains! On average, our miners make upwards of $50 
- $60k a year. That’s buying and household spending power in our communities. 
Responsible for cars, homes, utilities, groceries and college tuitions. 

Our country is struggling economically and all states are feeling the pain. We’re all 
searching for economic stimulus and ways to grow our job base. It is inconceivable to 
us why any person or legislative body would want to take another’s job. Especially good- 
paying industrial jobs. 

As I’m sure you’re aware, coal mining and the production of energy are major economic 
drivers behind our state. Collectively, they are responsible for thousands of good paying 
jobs, more than 70 percent of all business taxes and a secure revenue stream for all 
fifty-five counties and local governments. These dollars support educational and much- 
needed government programs for seniors and the less fortunate. 

On a statewide basis, surface mining and mountaintop mining methods account for over 
40 percent of our state’s total tonnage produced on an annual basis, but in several 
regions or counties, it represents over 75% of all mining and thus, all revenues 
generated from mining activity. So, it is clear that surface mining and mountain top 
mining are extremely important to our energy portfolio and states financial stability. 
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On the surface, S-696 appears to be aimed at “mountaintop mining”, an objective we 
would strongly argue and method of mining we would defend on its own merits (again, it 
represents a large segment of our industry and state’s economy). 

Additionally, you simply cannot single out one form of mining without having severe 
unintentional (or maybe “intentional” consequences). As written, S-696 includes all forms 
of mining which have “valley fills". By definition, that accounts for every form of mining in 
our state, and well as in KY and VA. including underground mines. 

Plainly and simply put, S-696 completely removes coal (from all forms of mining) from 
your energy mix. It would be like enacting a law in VW or in some other state that would 
preclude the purchase of finished furniture (in our state) of oak or cherry or any other 
trees that comes from the ground or native soil. 

You simply cannot disturb the geology within our steep slope or mountainous region 
without valley fills. The same is true for any type of major development or construction 
including road construction within this same region. 

Valley fills involve placing natural rock and dirt in ravines or dry ditches (natural crevices) 
that only pass water during some form of a precipitation event. 

A valley fill is a carefully engineered structure. It is designed to secure natural material in 
the earth’s natural formation. Their construction is safe, environmentally sound and 
secure. The material placed in the fill is the same material that was there prior to mining 
i.e. natural rock & dirt. The water continues to trickle through fill construction just as it 
did before mining - through the same material through the same location. 

When adversaries of mining, or uninformed journalists, criticize this method of mining, 
they frequently limit their characterization to the initial impacts of the extractive phase i.e. 
blasting or some other earth moving activity. They seldom mention the restoration 
phase of mining or the post mining development that sequentially follows the extractive 
process. 

These mischaracterizations no only cast a negative light on an important segment of our 
State’s industrial base but also serve as an affront to every working miner, their families 
and to all West Virginians, 

We often use a new housing development as analogous to mining i.e. during the actual 
mining or coal removal phase, it is not always “pretty ” just as a new housing site with 
partially completed roads, exposed infrastructure and houses in various state of 
construction. However, when you examine the same site several months later when the 
roads and landscaping are finished, it’s a different visual altogether. Undoubtedly, the 
finished job is more esthetically pleasing. 

Most of the mine sites are returned to a higher and better use or at a minimum to their 
original approximate contour. (Yes, we rebuild mountains in West Virginia.) Many of the 
former mine sites are reforested with wildlife habitat incorporated into the final plan and a 
number of the former mine sites are reconfigured by active mining operations to 
accommodate residential, industrial or recreational uses. 



503 


With proper planning which incorporates layout and design of our mining operations, we 
are able to create usable parcels of land for future development while minimizing the 
front end cost of earth removal and site preparation. 

In West Virginia, we have example after example of housing developments, shopping 
centers, high schools, correctional facilities and even nationally acclaimed golf courses 
in place today where mining once took place. As they say - “a picture paints a thousand 
words”, so I’m attaching to my testimony a few pictorial examples of finished land 
restoration sites and a number of the aforementioned recreational or public use sites. 

West Virginia is a shining example of how we can have a viable energy industrial base 
which employs upwards of 50,000 West Virginians and is responsible for a large 
percentage of the State’s Gross Product and tax base but also a thriving tourism 
business where people come from ail over the world to take advantage of our hiking, 
canoeing, white watering, camping due to our natural beauty and post mine land 
development. 

The truth of matter is that our mine managers, miners take great pride in their work and 
devote great attention to environmental stewardship and accomplishment. They not only 
work the land but they also hunt and enjoy the land. 

I’ve also attached with my testimony some additional facts on mining in West 
Virginia. For these reasons I would urge you to stop further consideration of S- 696. I’ll 
close by inviting you to invite others to come to West Virginia to tour our natural beauty 
and coal mining industry and to visit the men and woman who provide the state, country 
and world with low-cost, household energy. 


Thank You. 
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I. EXECUTIVE SUMMARY , 

MOUNTAfMTOP MINING is simply coal mining that occurs at or near the 
topmost portion of a mountain. 

We at the Mountaintop Mining Coalition believe the practice of surface mining in 
general and mountaintop mining, in particular, play an essentia! role in keeping 
Appalachian coal competitive in the global marketplace. By extension, surface 
mining and mountaintop mining play an essential role in maintaining coal 
production at levels required to continue providing the foundation of the area's 

HyCOrrQmV;: 


Production from surface mining operations constitutes approximately 40 percent 
of the total production of West Virginia’s coal mines (115 million tons of a total of 
161 million tons). In Virginia, surface mining operations accountfor about 42 
percent of the state’s total production. Surface mining is responsible for about 40 
percent of total production in Kentucky as well. 

In some individual counties, such as Clay County in West Virginia, mountaintop 
mining provides almost all of the county’s revenues. Clay County gets fully 95 
percent of its annual budget from the four million tons of production it turns out 
annually. 
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In fact, in West Virginia at least 12 of the state’s 55 counties get more than 40 
percent of their annual budget from mountaintop mining occurring in those 
counties. Clearly, mountaintop mining plays a central role in filling West Virginia's 
budget. 

Opponents of mountaintop mining argue that the coal can be produced by 
underground methods, but this is absolutely wrong. Most of the seams mined 
using the mountaintop mining method simply can’t be mined in any other way. 
They are too narrow and would be too dangerous to mine using underground 
methods. 

If not for mountaintop mining this is production that would be lost. It would be 
dollars lost to the budget and jobs lost to working West Virginians. 

We at the Mountaintop Mining Coalition cal! for state and federal government 
agencies to clarify existing rules and regulations at the various levels of 
government to make it more difficult for anti-coal extremists to disrupt production 
through the filing of seemingly endless lawsuits and protests. 

We also call upon the governors of the states and their legislatures to support the 
industry to their fullest and to join with the industry to market our most plentiful 
and valuable resource throughout the United States and the world. 
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II. WHAT IS MOUNTAINTOP MIMING 

MOUNTAIMTOP MIMING is simply coal mining that occurs af or near the 
topmost portion of a mountain. 


A Diagrammatic Overview of the Process: 
Courtesy of the Environmental Protection Agency. 
www.epa.gov/regionS/mtntop/process.hfml- 



Step 2. The upper seams of coat are removed with spoifs piaced in ari adjacent vaitey 




step 3. Dragiines excavate lowt layers of coat with spoils piaced th: spoil pit^ 



Step 4. Regrading begins as ooai excavation continues 



Step 5, Once coal removaf is complete, ft^ Fdgrading.takes p^ace and the area is revegetated 
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Surface minirjg methods are essentially the same as highway construction 
Valley fills are areas where the rock and dirt from mining excavation is placed 
according to a plan designed by engineers and approved by government 
agencies. The fills usually occur in dry stream beds of what are known as 
ephemeral or intermittent streams - streams that flow only when it rains. 


"Valley fills are areas where the rock and dirt from mining 

excavation is placed according to a plan designed by 
engineers and approved by government agencies. The fills 
usually occur in dry stream beds of what are known as ■ 
ephemeral or intermittent streams -streams that flow only 
when it rain: 


Contrary to what is portrayed in the press, the amount of actual stream loss from 
fills is minimal. In other words, where most valley fills are placed, there is no 
actual stream. 




VAtu&y « tyffckiwt **i [ 

off me fU( cJwinetn^. j 

Mountaintop mining has aiso created numerous sites for new schools, hospitals, 
shopping centers, parks, golf courses, housing, airports, industry, agriculture and 
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timber - providing southern West Virginia valuable sites for sustainable economic 
development. 

In addition, mining operations have actually helped improve Habitat for wildlife in 
Appalachia. Today, we are once again seeing elk and wild horses on former 
mountaintop mining sites. 

We at the Mountaintop Mining Coalition believe the practice of surface mining in 
general and mountaintop mining, in particular, play an essential role in keeping 
Appalachian coal competitive in the global marketplace. 

Here are a few facts: 

• Surface mining and mountaintop mining play an essential role in 
maintaining coal production at levels required to continue providing 
the foundation of the area’s economy. 

• Production from surface mining operations constitutes approximately 
40 percent of the total production of area's total production, 

• This represents approximately $600 million in coal severance money 
across the three states. 

• Mountaintop mining is also responsible for approximately 5-7 percent 
of the West Virginia budget. 

In some individual counties, such as Clay County in West Virginia, mountaintop 
mining provides almost all of the county’s revenues. Clay County gets fully 95 
percent of its annual budget from the four million tons of production it turns out 

annually. 

In fact, in West Virginia at least 12 of the state’s 55 counties get more than 40 
percent of their annual budget from surface mining occurring in those counties. 
Clearly, mountaintop mining plays a central role in filling the state budget. 
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underground methods, but this is absolutely wrong. Most of the seams mined 
using the mountaintop mining method simply can’t be mined in any other way. 
They are too narrow and would be too dangerous to mine using underground 
methods. 

If hot for ffiduntaintop mining this is production that would be lost. It would be 
dollars lost to the budget and jobs lost for residents of the three states. 

We at the Mountaintop Mining Coalition call upon federal and state agencies to 
adopt a set of rules and regulations that clarify existing rules and regulations at 
the various levels Of government to make it more difficult for the anti-coal 
extremists to disrupt production through the filing of seemingly endless lawsuits 
and protests. 

We also call upon the governors of the states and the legislatures to support the 
industry to their fullest and to join with the industry to market our most plentiful 
and valuable resource throughout the United States and the world. 




l! on minimum 


One major drawback facing the region is the availability of level land out of the 
floodplain-something people in much of the rest of the country take for granted 
The residents of the southern coalfields are often faced with either living and 
building businesses on the floodplain, on the unimproved mountaintops or on 
slopes often approaching 45 degrees. 










Mountaintop mine sites can be left with literally acres of flat to gently sloping 
land, easily improved access roads, utilities and multi-purpose buildings. These 
sites have been utilized for everything from golf courses to industrial parks, 
schools and communities. 

Propeiiy planned^lmuntelntap mining can 
truly ba said to be “building a future for 
Appaiachia.l - ' ■' 


For an individual to create level land In mountainous terrain, this task is difficult 
and financially almost impossible. The responsible use of MOUNTAINTOP 
MINING creates level land, land that has the potential for many other uses. 
Properly planned, mountaintop mining can truly be said to be “building a new 
West Virginia.” 

List of developed sites: 

1 , West Virginia: 

a. Pete Dye golf course 

b. Mount View High School built in 1 980 

c. New Hope Village - homes for 70 families 

d. Knights of Columbus Community Park built in the 1 980’s by Buffalo Coal Co 
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e. Davis Cemetery 

f. Robert Byrd High School built in the 1970’s 

g. Logan County Airport 

h. Weirton housing development and fiospital 

i. Anker Sports Complex 

j. Twisted Gun Golf course ^ 

k. Hilltop hunting preserve 

l. Beckley Soccer Complex; 

m. Hatfield-McCoy Trail will have 3,000 center 

2, In Kentucky: (A partial list) 

a. Big Sandy Regional Airport 

b. Carroll Airport; Ford Airport 

c. Ohio County Airport 

d. Correctional facilities - 

i. Federal Correctional Institute 

ii. East Kentucky Correctional Complex 

iii. Medium Security Prison Knot County 

iv. Otter Creek Correctional Center 
V. Juvenile Boot Camp 

e. Government facilities - 

i. Clements Job Corps Center 

ii: Army National Guard Training Center 

iii. Six solid waste landfills 

iv; Hazard Amory; jail and state police barracks 

f. Farms- 

i. Mapco/Morehead Agriculture Center 

ii. Martin County Coal Corp. Farm 

iii. DNR Brangus Farm 

iv. Hawk Farm 

g. Industrial/commercial - 

i. Clay industrial Park 

ii. Coalfields Industrial Park 

These are ail sites and facilities that would likely have been impossible to build 
were it not for the availability of mountaintop mine lands. 
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RESTORATION EFFORTS ,, 

For those locations where flat land is not needed or wanted, the coal industry 
does an excellent job of RESTORATION - bring the land back to approximate its 
original appearance. The people who work for coal companies live in the same 
area and have a great deal of pride in their company’s reclamation efforts. 

One of the favorite reclamation uses today, one that has been strongly 
encouraged by fish and wildlife governmental agencies and environmental 
groups, is leaving the land in a condition that will enhance use by fish and 
wildlife. 

We’ve seen a resurgence of wildlife at reclaimed mine sites across the region 
because of leaving open spaces, trees and shrubs that provide nourishment for 
wildlife and ponds that contain water year round. 



There is more wildlife than ever, In part because of reclaimed coat lands. It was 
on reclaimed iand where over 150 mountain elk were released recently in 
Kentucky, and wild horses have been seen in Logan County. As a practical 
matter, this could not have occurred other than on a reclaimed coal mine site. 
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REGULATION 

Mining operations are regulated under the Clean Water Act (CWA), including 
discharges of pollutants to streams from valley fills (CWA Section 40 2) and the 
valley fill itself where the rock and dirt is placed in streams and wetlands (CWA 
S.e£iLQ:!Li04j. Coal mining operations are also regulated under the S urface 
Mining Control and Reclamation Act of 1977 (SMCRA) . , 

SMCRA addresses the necessary approvals for surface mining operations, as 
well as inspection and enforcement of mine sites until reclamation responsibilities 
are completed and all performance bonds are released. SMCRA permits may be 
issued by the Office of Surface Mining (OSM), U S Department of the interior, or 
by qualified states, only if it has been shown that the proposed mining activities 
will satisfy general performance standards applicable to all surface coal mining 
operations, v 

Among those standards, SMCRA addresses disturbances at the mine-site and in 
associated offsite areas and AOC requirements, as well as the quality and 
quantity of water in surface and ground water systems both during and after 
surface coal mining operations. .,J > 
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III. THE CHALLENGES 

The Central Appalachian coal industry is faced with a number of challenges 
going foavard. First and foremost among them is the ongoing challenge from 
environmental radicals who want to stop the use of coal. 

The anti-coal extremists have set up a straw man for their criticism - mountaintop 
mining. 

Most claim to simply be against this type of mining and in favor of more 
underground mining. This is a feint, as they are actually against ALL mining. 
These groups are throwing up legal roadblocks at every opportunity, suing the 
industry to stop almost ALL mining permits. The organizations use the slight 
discrepancies between federal and state laws to challenge the permits as they 
issued in courts, often fighting the issues through several appeals ali the way 
through the appellate system at both state and federal level. 

In addition, the organizations are stepping up efforts to force action against the 
mining industry in state legislatures and in Congress, 

Meanwhile, the economic downturn being felt worldwide has softened the market 
for coal and increased the competition we are seeing from other states and 
countries, such as the western states of the Powder River Basin and Australia. In 
both cases, thick coal seams sometimes just inches under the ground. Our 
primary advantage in competition with these sources is our proximity to major 
markets and transportation hubs. Despite this, competing sources of coal have 
recently begun to penetrate our primary markets. 

Another challenge is the increasing difficulty of mining in Appalachia. In some 
areas of the state the seams available for mining are increasingly thinner and 
with less stable underground geology. As a result, in many areas, mountaintop 
mining techniques and their use are responsible for continued production and 
competitiveness in the marketplace. 

For example, in Boone County - the largest producing county in the three state 
region - surface mining accounts for 21 million tons of production, while 
underground mining accounts for just 13 million tons. 
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It is important to note that while the anti-coal extremists portray their opposition 
as only against mountaintop mining and the use of valley fills. There are no 
significant differences between mountaintop mining and other forms of surface 
mining, and ALL FORMS OF MINING REQUIRE THE USE OF VALLEY FILLS. 
In other words, banning the use of mountaintop mining and valley fills would 
effectively end mining across Appalachia. 

This is something the area clearly cannot afford. For example, if mining ended in 
West Virginia, it would almost immediately remove 12-15 percent of the state’s 
tax revenues and with it approximately 50,000 jobs. If mining ends and 
opponents of coal-fired electrical generation are successful in shutting down 
these plants and mining operations, it would mean the state would lose 60 
percent of its tax revenues and more than 70,000 jobs. 
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IV. RECOMMEMDATIONS 

The future of the coal industry in Appalachia depends on the continued use of 
surface mining and the construction of valley fills. Mountaintop mining is an 
essential component of our extraction effort, providing us the ability to compete 
against increasing competition from western and foreign coal production. 
Banning mountaintop mining and/or the construction of valley fills would 
effectively destroy our ability to compete in the international marketplace and 
ultimately bring an end to mining in the state. 

We at the Mountaintop Mining Coalition call upon the members of the legislature 
and the governor, as welt as our congressional representation to adopt a set of 
rules and regulations that clarify existing rules and regulations at the various 
levels of government to make it more difficult for the radical environmentalists to 
disrupt production through the filing of seemingly endless lawsuits and protests. 
We also call upon the governors of the states and the legislatures to support the 
industry to their fullest and to join with the industry to market our most plentiful 
and valuable resource throughout the United States and the world. 



519 





520 




521 



522 





524 




525 






526 




527 






528 



529 





530 






532 





533 









535 











537 




538 





540 






541 










543 







544 



545 





546 



o 


